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OX MECHANICAL SELECTION AND OTHER PROBLEMS. 


HE peculiar kind of variation I have to deal with in this paper concerns some 


accessory organs of the reproductive system of a group of insects, and hears 
clo-ely upon Romanes's theory of Physiological Selection. It is a priori evident 
that the demonstration of the occurrence of an extensive variability in any part of 
those organs which are the most important for the preservation of animated nature 
must be of far-reaching consequence in respect to the origin of species. As the mere 
statement of the facts would be unintelligible to the general reader who has no 
special knowledge of the animals in question, I shall endeavour to interpret the facts. 
However, before I begin to give the details, it is necessary to come to an understand- 
ing .about some questions of a general character, and this necessitates my entering, 
rather reluctantly, upon a ground which nowadays has so often been traversed, with 
and without success: 1 should not do so, if the facts I bring forth, and the con- 
clusions I have to derive from them, did not put me in contraposition to a good 
many naturalists. Being surrounded by cabinets full of specimens, 1 shall, during this 
excursion on a theoretical ground, always be reminded that possibilities arrived at 
bv general reasoning are often impossibilities in nature, in so far as what is a priori 
possible or even probable may be found not to occur in nature. 


Everybody who is a little acquainted with the diagnostic works on Zoology or 
Botany will know sufficiently that a continuous question of contest amongst u> 
species-makers is whether a given form of animal or plant is a “distinct species” or 
not ; and he will also have become aware that in many cases the contending parties 
do not come to an understanding, because, t hough using the same term “ species," the 
mutual conception of that term is widely different. And this is so not only amongst 
ns species-makers, but we meet with the phenomenon also in the essays of a more 
philosophical kind which bear upon the theory of evolution. It would almost appear, 
in fact, as if a “species” is that which a respective author chooses to consider a 
“ species.” It is not necessary to give any illustration taken from systematic works, 
first, since we do not think it does much harm to the value of purely diagnostic articles 
whether the term “species” is nlwav- applied in t he same sense by the same or 
various authors ; secondly, because illustrations can be found in any volume containing 
descriptions of varieties and species. In natural philosophy, however, so far as it 
endeavours to explain by theories tin* diversities in animated nature, it is all important 
t hat an author has a fixed idea of that diversity which he in his writings calls 
a “ species,” and therefore we will give here an illustration of the before-mentioned 
phenomenon taken from this ride of our science. 

In a short article in which he claims priority over Romanes with regard to 
physiological selection, Dahl * proceeds to say that a separation of the varieties of 
mn* species into more species within the same locality is not possible, if the various 
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varieties did not possess, besides the (morphological) distinguishing characters, either 
antipathy against mutual intercrossing, or mutual .sterility, or both qualities; and 
he gives the following illustration : — 

“The caterpillars of the two closely allied species of butterflies Gonoptevyx 
rhamni and (?. cleopatra became adapted to different species of plants, the one 
to Rhamnus f rang ala [and cafhartica], the other to Rhamnus (tlpina, i.e. t he 
apparatus of digestion became so modified that those species of plants could be made 
use of [physiologically] in the best possible manner. AVitli the condition of the organs 
of digestion was associated, perhaps indirectly, a somewhat different yellow colour in 
the imago-state, and here the preference could begin to act. . . . Against a thousand 
butterflies adapted to Rhammts alpina there occurred perhaps two which were pre- 
possessed in favour of a deeper yellow colour, two which preferred a lighter yellow 
tint, while those thousand were indifferent [to the deeper or lighter tint of yellow]. 
The first-named [two] specimens copulated with individuals adapted to Rhamnus 
atpina , and gave birth only to fully fertile offspring. The second group [two speci- 
mens] copulated with light-colonred individuals adapted to Rhamnus frangufu, and 
gave birth to non-fertile intergraduates. Of the thousand specimens one half copu- 
lated with specimens adapted to Rhamnus alpina , the other half with specimens 
adapted to Rhamnus frangula ; of the two halves, therefore, only the first gave birth 
to fully fertile offspring. ... It is easily to be seen that the number of those indi- 
viduals which were prepossessed in favour of closely allied specimens [in colour] would 
grow very quickly, and that the number of the others must very soon become reduced, 
even if this number at the beginning [of the selection] is still more preponderating 
[than in the above illustration].” 

As the author expressly states that the divarication of species at the same locality 
is not possible if together with the “ development of the distinguishing characters 
there did not take place a development of dislike'' etc., we must take it as the meaning 
of the illustration that Gonopteryx rhamni and G. chopatra have developed from 
a common ancestor into two species by means of psychological selection. Or, to put 
it figuratively, the species A developed into two varieties,.] 1 and A 2 , in consequence 
of the caterpillars becoming changed by the influence of the different food-plants: 
then psychological selection on the part of some females set in and modified those 
two varieties more and more, so that the varieties A 1 and A 2 became in the course of 
time two “ species” li and C. Which characters does the author attribute to the two 
varieties A 1 and A 2 at the time when selection commenced to act ? There were four 
distinguishing characters: (1) A 1 and A 2 were different in the chemistry of their 
body; (2) they were so different in colour that the females could perceive the 
difference; (3) A 1 produced only pale specimens, and A 2 only deeper-coloured speci- 
mens, i.e. they bred true ; (4) the cross-products were not fit to propagate. Now, if 
forms so widely distinguished morphologically and physiologically as .Panel A 2 are 
not “ species/' then we fear there .are no species at all. The author apparently con- 
founds the transmutation of one species into one other and the separation of a 
species into two or more. The illustration does not show how by means of psycho- 
logical selection (or any other modifying factor) G. chopatra and G. rhamni have in 
the same locality developed from one common ancestor into two specie>. hut shows 
how the two “species” clcopatra and rhamni might become the one a paler and 
paler, the other a deeper and deeper yellow “species.” At the time when selection 
set in in Dahl’s illustration there were already two “species," and hence the specific 
distinctness of the two is not the outcome of psychological M-lection. 
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In order to avoid similar confusion \vc have to come to a conclusion which 
definition of the term “ species” as opposed to the lower degrees of variation we will 
accept, before we discuss the variability of the genital armature within the limits of 

a “species/' 

As most of us pretend to be evolutionists, let us take it as an axiom, which we 
need not discuss here any more, that the great divergency exhibited in animated 
nature is the result of the development of the various forms of animals and 
plants from a common ancestor. Before Darwin brought forward his theory of 
evolution naturalists had to solve one question: which are the differences* found to 
exist among the various forms of animals and plants ? The question which is put to 
naturalists nowadays is, however, twofold : (1) which kinds of divergency do we find 
to exist in nature? (2) how has this divergency come about ? 

It seems to us to be a rather general assumption amongst naturalists, no matter 
whether they treat animated nature from the point of new of a philosopher, or 
whether they work with the individual specimens, that the variation of the individuals 
which belong to a complex called species is such that, with the exception of marked 
di- and polymorphism, we can draw up a series of specimens which form a con- 
tinuous chain from one extreme variety to the other, the differences between the 
adjoining links being extremely slight. And it is almost natural that the assumption 
should be so general. The question which governs zoological work is one of specific 
differences on the side of us systematists, and one of the causes of the specilic and 
non-specific characters on the side of the biologists, and over the consideration of 
characters ” it has been lost sight of that speaking of a specific character and the 
variability of characters means, in fact, speaking of abstracta, while our work must 
be based upon cone ret a, upon the individual specimens. The variation of an organ 
may be continuous ; in a series of individuals a certain organ may even be constant ; 
but that does by no means imply that the individuals as opposed to one of their 
organs form a continuous chain. An individual has many “characters,” and these 
do not vary in the same manner and degree in the various specimens; some indi- 
viduals may be almost identical in one or some characters, while they are widely 
different in other respects, and this will at once become manifest to everybody who 
actually tries to put together a “ continuous ” series of specimens. An illustration will 
bring the fact more closely to mind. A, B , G T , D may represent individuals ; a, b, c, 
three characters ; a 1 , a 2 , « 3 , a\ etc., b\ b' £ , etc., c\ c 2 , c 3 , etc., may be minute degrees 
of development of the characters. Now, if we arrange the individuals according 
to the gradual development of the character «, and thus have a continuous scries in 
respect to this character, the chain of individuals will nevertheless he discontinuous, 
as in the following diagram : — 

B C 

« 3 a 3 a 4 . . . . 

b x & 1 * . . . . 

c* c 7 c 3 . . . . 


A 

a 1 

£10 

c 1 


If we further arrange the series according to the continuity of character b or c, 
not only will the individuals A , B } 0 . . . stand in other places within the new 
series, but also new individuals must be introduced to make the chain again con- 
tinuous. lienee it will be sufficiently clear that, notwithstanding the variation of every 
organ of a species may be continuous, the individuals each being a sum of organs 
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form n discontinuous series. We can express this phenomenon in other words as the 
law of independent variation of organs as opposed to the correlative variation 
of organs. 

There are many species in which not only the individuals form discontinuous 
series, but which exhibit also one or more discontinuouslv variable characters ; and it 
is especially the appearance of such discontinuity which Mateson so amply illustrates 
in Materials for the Study of Variation (London, 1894). In this ease the specimens 
belonging to a species can be arranged into groups according to a discontinuous 
character, each group containing individuals in which that character is continuous or 
nearly so, while, from one group to the other that character exhibits a more or less 
wide gap. In diagnostic zoology the groups of individuals of polymorphic animals 
have often been mistaken for distinct species. The study of independent discontinuous 
variation of two or more organs can, however, often help us to distinguish poly- 
morphism from specific distinctness. In the following diagram the specimens are 
first arranged into groups according to character a, and then into groups according 
to character b : — 


I. A 

B 

C i 

I) 

E 

F 

a 1 

a* 


a 7 

,/* 

a* 

IP 
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h'- 
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c 12 

II. c 
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A 

H 
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h * 

IP 

7,10 

a* 

a 7 

n* 

1 a 1 

n u 
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r* 

,.u 

r 2 

r 3 


In the first arrangement (I.) A B 0 form one, DEF another group; in the 
second arrangement CUE belong to one, and A II / to another. In each case the 
individuals A B 0 DEF II I form two groups not connected by inter gradations, each 
group, therefore, being conformable to what we species-makers call “species” as a 
rule ; but in the first arrangement the specimen C belongs together with A and B to a 
“species/’ while in the second arrangement it stands together with D and E , which, 
according to arrangement ]., are specifically different from .1, /Land C\ The danger 
of arriving at erroneous results by taking into account only one organ is so evident 
and so well known that one must wonder how it is possible that nevertheless a classi- 
fication — for exam] tie, of Lepidoptera — based upon wing-markings alone, or upon 
neuration, can be expected to lie an exact expression of the blood-relationship of the 
classified forms. 

Which characters are correlated and which independent in respect to variation 
can only be found out by the study of individual variation; where this study is 
neglected correlated characters are often taken to be independent diagnostic char- 
acters. The length of the wing and the breadth of t he wing-bands are often correlated 
in Lepidoptera , and so is in many cases the lesser or greater concavity of the outer 
margin of the forewing of butterflies depending on the length of the wing; to sav in 
such eases that a certain form of butterfly differs from another form in the wing being 
longer, externally more concave and having narrower bands, would amount to the 
same as if in the case of two black forms with yellow spots we should say that the one. 
is differentiated from the other by the yellow spots being restricted and by the black 
ground-colour being extended. 
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The independent variability of organs found to exist among the individuals 
derived from one female , or among the individuals flying in the same locality in 
>hort, among specimens about the speeilic identity of which there is no doubt — leads 
us to the conclusion that the same organs of the same species vary also independently 
in other localities. The distinguishing characters of a geographical race thus can he 
shown to be independent of one another, and that the association of distinguishing 
characters is not correlation of these characters, which is of the greatest importance, 
if we come to consider the causes of the divergence exhibited by such races, the 
degree of relationship of the races, and the probable history of their geographical 
distribution. We mention in this place only that, as tin* wing-form and wing-pattern 
of the Pa pili os vary independently of the eopulatory organs, we shall find in the body 
of this paper ample illustrations of those three pliylogenetieal and biological pheno- 
mena. The first we have to do is in every case to study the individual variation in 
order to know which characters are correlated and which not in respect to \ aviation, 
then to study the characters of the same organs of the geographical representatives 
of the same species, and finally to compare the results we arrive at, if we draw from 
each single independent character conclusions as to siibsprcific and specific distinctness, 
the influence of the evolutionistic factors, and the history of this influence. 

The occasional appearance of individuals, mostly single or iti very small numbers, 
amongst the normal specimens, differing widely from the latter in one or more 
points, we have to elassifvas a peculiar kind of di- and polymorphism. The so-called 
sports and monstrosities, between which terms there is no line of delimitation. as 
there is also no such line between normal and abnormal varieties, belong to this kind 
of discontinuous variation, and it is a rather general assumption that the characters ot 
such sports and monstrosities get swamped away by intercrossing. Is this really true 
in the verbal sense ? If swamped away means “ not appearing in the direct offspring 
of that abnormal specimen, it might often be correct ; but if it means disappearing 
for ever, never reappearing amongst the individuals constituting the species, it is not 
true. Alanv sports and even monstrosities are found again and again, as every collector 
knows: and when an exceptionally abnormal variety lias been found once, there is no 
rea>on for the assumption that it will not lx* found a second time. In fact, the 
collectors, who work with individuals, expect and hope to come across such a variety 
themselves. If, for example, somebody had published this year that from out* of his 
pupae of Aeheroniiff afropos (death-head moth) a specimen with cut indy ochreous 
wings had emerged, we arc quite sure that all those who are in possession ol a eon- 
sidorable number of pupae of this insect would look forward to the emergence of the 
imagines with the eager expectation to find such an individual among them. 

The repeated occurrence of tin* same abnormal variety is, to our mind, of the 
greatest importance, as the repetition ol the phenomenon is a proof that the \niiet\, 
how abnormal and rare it ever may be, is not entirely swamped away Irom the species, 
and that the constitution of the individuals of the respective species, taken as a whole, 
is such that under certain circumstances, whichever they may be, the \aiicty will he 
produced, or even must be produced. It is, therefore, quite intelligible that, when 
those certain circumstances become more frequent, the variety which we now call 
abnormal might become normal. From (bis point of view, the record of unusual 
varieties, including monstrosities, is by no means so unimportant as it appeals to 
be to the systematic who recognises only “distinct’ species. On the contiai\,we 


* For illustration* soo ]tate*on. Material* far t Study ot T a riatiou. London, 1*91. 
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maintain with Eimer that abnormal varieties show <li>t inotl y the directions in which a 
species is able to develop. We give an illustration. For certain reasons which wc cannot 
explain here, as they concern details of structure, we must consider Papilio sarpedon 
to be derived from a form which had green spots within the cell of the forewing and 
a submarginal row of green markings, and that P . sarpedon is now on the way to lose 
the green markings altogether. The specimens of P. sarpedon from the Solomon 
Islands have preserved some of the additional spots, while in the forms from other 
localities the forewing has only a median macular band ; in 8outh India and Ceylon 
the first spot of this band disappears very often, and in Fhina the band of the hind- 
wing is often reduced to a costal patch. Now, Mr. de Niedville figures a “ sport ” from 
Sumatra * in which the median band of both wings has disappeared, except a small 
spot, and which therefore has an almost entirely black upperside. The specimen is now 
in the Tring Museum, which contains also another individual of P. sarpedon (from 
Sikkim) that has the median band of the. forewing ducted over with black scales, 
which conceal partly the green ground-colour of the wing-membrane. The direction 
of development indicated by these two “ sports” coincides with that which we are led 
by structural characters to consider the real direction of development of P. sarpedon , 
and the importance of this coincidence is obvious. 

Apart from polymorphism among the individuals in the same locality, we 
observe very commonly a polymorphism in which the various forms are separated 
geographically. This geographical polymorphism we shall have to deal with later 
on, and therefore we restrict ourselves here to the remark that the various geographical 
varieties are, just like the forms of ordinary polymorphism, often not connected by 
intergradations, and thus are likely to mislead us species-makers to treat them as 
“distinct species”; in the latter respect geographical and non -geographical poly- 
morphism have much in common, because they are homologous phenomena, as we 
shall soon see ; and we may add that geographical separation of different forms 
cannot be an a priori criterion of specific distinctness, though this has often enough 
been alleged. 

The individual variation including non -geographical and geographical polymor- 
phism, as dealt with in the preceding lines, concerns especially the individuals which 
exist as contemporaries; now let us briefly consider the historical side of the 
variation. According to the theory of evolution, the descendants have in the course 
of time (gradually or per saltum , in respect to the distinguishing characters as well 
as to time) become dissimilar to their ancestors; we assume generally that a long 
period was necessary to bring a considerable change in an animal or plant about. A 
period of one or two hundred years is bv many systematists considered quite in- 
sufficient to alter in nature a form of animal or plant so far that, the change is 
obvious, or that any transformation has taken place, at all within the same locality. 
Though we accept the theory of the transmutation of tin* species in the course of time 
as the base of scientific work in Natural History, we nevertheless identify the forms 
found in our days with the forms which our forefathers in science had before them ; 
without hesitation we treat (he forms, whether they be species or variety, captured 
in 189G, as identical with those which Li line received a hundred and fifty years ago, or 
which Merian or fceba obtained about two hundred years back. And when we observe 
a difference between our recent specimens and the old pictures, differences which are 
by no means always explainable by the assumption of incorrectness of the drawings. 
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the very last we think of in systematic work is that the form we now receive from a 
particular locality has actually changed during the last fifty or two hundred years. 

( )f course, our knowledge of a single specimen of a certain form preserved from the 
collections made during the last century, and our knowledge of an old figure of that 
form, does not enable us to draw any conclusions a< to the extent of variation of that 
form at the time of its capture, nor does such poor knowledge admit any conclusion as 
to a probable transformation. The evidence is gone, and that is very much to he 
regretted.* * * § Hut should not the want of evidence from the past be a hint to us to 
procure more evidence for the scientists who come after us? It is all important to 
prove that the transmutation of species upon which the theory of evolution is based 
actually takes place ; and it would he a good object for small provincial museums to 
preserve long series of specimens, with exact dates, at least of the species of those 
families of the respective district which are known to be easily influenced by the 
transmutating factors, families which moreover are easily preserved, such as butter- 
flies and moths, wingless beetles, and lnndshells ; museums with such collections 
would not be simply a sight for the public, but they would be of scientific value, 
and their scientific success would be far superior to that which they can obtain by 
gathering sparse material from all countries of the globe. There would certainly he 
no want of voluntary help from the side of private collectors in civilised countries, 
t The study of the local fauua and flora and their variation carried out in this sense, 
though many systematists and species-makers (which terms are not always syn- 
onymous) look down upon the study of aberrations as heing unscientific, stands far 
above the mere, descriptions of new species, which mostly do not help the least to 
solve the all-governing questions of evolution, but add simply some more “ species ” 
4, to the hundreds of thousands of species ” already made known. 

However, we are not entirely left without evidence that transformation is 
actually going on under our eves. We know from many plants! and a small 
number of animals that geographical races, when reared under conditions other than 
those of the country where the race lives, change in characters; we refer to the Porto 
Santo rabbits,! and Pol yommatvs }>hJoertfi,§ and Pieris Jmissicne. And a striking 

* Since the above was written I have received Obcrthiir’s Etudes <T Entomologie XX. ISM. Here 
Oberthiir tries to demonstrate from copies of old figures of Lepidoptera and figures of recently caught specimens 
that no change has taken place in these insects since Linnc’s time. The differences, however, which arc 
exhibited by these old drawings and the figures of the recent specimens arc not only so conspicuous that 
identity is entirely out of the question, but the differences are such that if they actually were found in 
contemporary specimens, many prominent Lcpidopterists, ineluding Mr. Ch. Oberthiir himself, would treat 
these differences as being of • specific " value. In fact, Clcrek’s figure of Papilla deiphobns resembles much 
raoic that insect which Felder separated as a distinct species ( Papilla deiphontes) than it does Oberthiir*s 
figure of a sjiecimen of deiphobns caught in ISiKi. oberthiir must have been led l»y that kind of reasoning 
indicated in the above text, else lie could not have spoken of a L% proof” that the species in question have 
not undergone “ the least modification." This kind of reasoning is: first the figures of t’lerck are mentally 
corrected according tj the characters of recent specimens, then the characters thus corrected arc 
pronounced to be identical with those of recent specimens. 

I by no menus will say that the particular species in question lmve been transformed since Lin tie’s 
time ; but I maintain that if there is any evidence as to transformation or non-transformation, the 
evidence is certainly in favour of transformation. 

t Kcrner, (inte and sehlechtr Arttn , gives many illustrations of the transformation of plants. 

♦ Darwin, Variation of Animals and Plants under Domi st icatian, 2nd edition, London, 1*88. p. lift. 

§ Weismann. Studies in the Theory of Descent. From pupae of the southern form of Polyommatus 
phlaeas brought from Italy to Germany imagines emerged which were intermediate between the Italian 
and German forms. 

| Scudder. IfuttrrtHes of Xcte Enyland II. p. 1 1 7f>. gives a detailed account of the gradual 

spread of Pieris vapor , which butterfly was first noticed in Ganada in I860, and describes a new variety 
{noranyliar') into which rapne has developed. 
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illustration of the fact that in a certain district a transformation of a species takes place 
lias been published during recent years from different sides. A moth of the family 
Grometi'idar, \mphtdasis hdtflnriv.s, has a black and a white form (with intergrada- 
tions) : the black form ( doubledayarius ), which for a long time was known to occur 
in Great Britain, was very rarely found in North-Western Germany; during the last 
ten to twenty years, howeyer, the black form lias become more frequent, and is at the 
Lower Rhine now nearly as common as the white form. Without trying to give an 
explanation of this phenomenon, which speaks for itself, it is of interest to note that 
in countries with a rational cultivation of the soil the changes in the immediate 
neighbourhood of the animals are very varied : the disappearance of swamps, planting 
of new forests on barren hills, artificial watering of pa-ture land, and so on, will not 
only destroy many forms, and give opportunity for other forms coming into the 
district ; but these changes will most probably also have a certain amount of influence 
on those animals and plants which remain residents, at least on those forms which, 
like butterflies and plants, are very sensible to a change in the biological factors; 
and it would be highly interesting to have correct data whether perhaps a viable 
transformation of some animals and plants would he effected in a shorter time in a 
country with an intensive cultivation of the soil (like France) than in a country (like 
England) in which agriculture is more stagnant. (Vrtainly we will not maintain that 
all the forms of animated nature have changed during the last hundred and fifty 
years, but will only draw attention to the historical side of the question, which 
cannot he entirely neglected. Palaeontology teaches us that there are forms which 
for a very long time have not changed, at least not in those parts which have been 
preserved; while, on the other hand, we know from palaeontology that in most cases 
a change must have taken place. 

At subsequent geological epochs the earth has been inhabited bv different 
faunas and floras ; that we know. If we had now before us all the specimens of 
animals and plants which ever have existed, and tried to group them as we do with 
the specimens in our collections, what would he the result ? The gaps between the 
various forms would all he filled up by intergradations;* the Gorilla would he as 
different from the Giraffe as he is now; hut tracing both animals hack to their 
common ancestral form, we could draw up a scries of individuals which would perfectly 
connect the two animals, and which would not allow us to draw a line of division ; 
Gorilla and Giraffe thus would appear to be merely the extremes of the series. If, as 
we mostly practically do, the “ species” are based only upon morphological differences, 
all the animals and plants would belong to one variable species. Any definition, 
therefore, based solely upon morphological differences must necessarily be a failure, and 
it follows also that the allegation that a certain form is a “ distinct species ” because 
there are no intergradations between it and the allied forms is in discordance wit h 
the theory of evolution, according to which the ii it degradations did occur, hut are 
perhaps now extinct. 

If we trace the line of ance>trals of two given types hack to the form from which 
both have descended, we have for each type a separate line until we come to the 
primordial type in which both lines combine. 1 lie line of ancestors of every >] ecies 
comprises the different steps of development from the primordial form down to tin* 
recent form, and represents the historical polymorphism of the species, in opposition 
to contemporary polymorphism. Are the differences between the step** of develop- 
ment “specific" differences? 11 ijqmrion and ICquus, though assumed to Maud in 
* Romanes, Darwin and After Darwin II. London. lsQj. p. 2*2. 
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the relationship of ancestor and descendant, are treated as members of different 
families ; if it is right to keep ancestor and descendant, in spite of the intergradations 
which have existed according to the theory of evolution, in separate families in this 
case, why do we not do it in the ease of the horses which our forefelt hers rode and 
those which live now? If it is the presence of morphological difference which leads 
us to split up in the one case, and the absence of such difference in the other case to 
unite, why then are Distomum , Redia , and Cerearia ; Rhabdonema and Rhabditis ; 
ranresrt levana and its offspring jtrorsa, the same species ? Morphological difference 
alone is not a criterion of specific distinctness. 

Besides the morphological differences among animals we observe a mental or 
psychological difference. It has often been noticed that in mixed flocks of sheep * 
or cattle the individuals belonging to the same race often keep separate from the rest, 
and it is also well known that in the state of nature strangers are driven away or 
even killed. Though psychological selection, as manifested in these eases, is of 
importance to accelerate the transformation of a variety and to fix the varietal 
characters, we believe that among domesticated animals it is very often not racial 
community that keeps the individuals together, but the circumstance of being 
accustomed to one another. In some districts of Germany all the geese of a village 
are driven to pasture in one large flock ; when on the pasture ground, the individuals 
belonging to each house keep together, even if they are not the offspring of the same 
parents, but are brought together from different villages as goslings : this keeping 
together is an expression uot of community of characters, nor of community of descent, 
but of community of the stable. 

For us systematic that kind of psychological variation is of more interest which 
is the immediate outcome of morphological differences in the organs of sense and in 
the organs which are destined to affect the senses. The variability of the orgaus of 
sense among higher animals, and the difference of discriminating power among the 
individuals of the same species and race, are facts so well known that it is sufficient to 
remind the reader of the variability in the eyesight of men, or of the difference between 
dogs in regard to the power of smell. Among lower animals the senses are often very 
differently developed in the various families; in insects the power of discriminating 
form and colour seems generally to be rather weak, while in some families the organ 
of smell is highly developed. Carrion- and dung-beetles are able not only to smell the 
carrion or dung from a great distance, but, what is more important, they distinguish 
between the scent of carrion and that of dung. The sexes of Lepidojdera and 
Coleoptera are brought together by differences in the scent of the sexual scent-glands 
of the various forms; females of certain moths attract great numbers of males, even 
if \\u* female i* kept in a box with holes, and there is not the least doubt 1 hat the 
'males of the various species of a genus follow the scent of the respective females and 
not that of allied species. A* individuals of one species sometimes come to a female 
of another species, and as, further, dung-beetles are occasionally attracted bv carrion, 
we inn«4 conclude that the specimens of dung-beetles really perceive the scent of 
dung and carrion, and that the males of insects not only perceive the scent of the 
females of their own species, hilt abo that of other species. The phenomenon that 
dung-beetles come to dung, and that the males of a given species ol insect follow the 
scent of the females of their species, cannot be explained by the assumption that the 
organ of smell of the specimens is so constructed that t lie insect is not able to per- 
ceive any scent but that particular one. The specimens of allied species, therefore, 

* Darwin, lariat ion of Animal*, dc., 2nd Kd. London, I8SS. p. 14». 
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discriminate between the various <cents, and follow that scent which, to put it more 
personally, incites them most. We have here a psychological selection. Now, if a 
variation takes place in the organ of smell and in the scent -producing glands, it 
seems to ns evident that the effect will be such that the varietal individuals do not 
follow the same scent as that to which the normal specimens give preference, but select 
a varietal scent. (direful observations about psychological variation are extremely 
scarce; but we can give a beautiful illustration on the authority of Professor Standfuss,* 
who says that at Zurich nudes of Callhnorpha domimda came very rarely to females 
of the Italian variety persona, while they were attracted in great numbers by the 
females of dominula. We see here that morphological and psychological variation 
can go hand in hand. If the power of discriminating scent is so highly developed 
throughout the order of Lepddopteva a< in the case of Callimorpha domain! a, we 
have a ready explanation of the phenomenon that the scent-organs, compared with the 
colour and pattern of the wings, are so constant in Lepidoptera. It is readily con- 
ceivable that the relative constancy of the scent -organs of Lepidoptera is a con- 
sequence of psychological selection based upon the difference in the organ of smell 
and in the scent-glands. And if we must admit the probability of the influence of 
this kind of mental selection, we are justified in concluding that psychological selection 
takes place in all animals which have one or the other organ of sense highly 
developed. As, however, with the various organs of sense only certain kinds of 
characters are perceivable, it is obvious that in different groups of animals psycho- 
logical selection will affect different sets of characters according to which organ of 
sense has a high power of discrimination. Tims it seems to us intelligible that there 
exists sneli a strong contrast between Lepidoptera and birds in respect to the 
constancy of colour and markings. The great variability in colour in the order of 
Lepidoptera and the relatively slight variability f in scent-organs can be accounted 
for by the presence of selection as to scent-organs and t lie absence of selection as to 
colour,} while the surprisingly great constancy even in the shade of colour among 
birds may largely be due to the sharp eyesight of these animals rendering them 
capable of distinguishing between shades of colour, and hence inducing them to 
associate with specimens of their own colour and to drive differently coloured indi- 
viduals away. 

The eflect of the variation of psychical qualities as dependent on the variability 
of the organs of sense can, like tin* variation of morphological characters, be 
classified in individual, geographical, and historical polymorphism. The considera- 
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natural selection. Hut even if^tlns be true as regards a direct effect of selection on the wing-pattern, it is 
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tion of these three kinds of polymorphism in the previous lines led us to the 
conclusion that morphological differences of any kind and degree are not decisive 
criteria as to specific distinctness; the systematic actually sinks his species in 
spite of distinguishing characters as soon as it is proved that the morphologically 
different forms appear among the offspring of the same female. The most general 
ease of bodily difference which is not regarded as being specific is the difference 
between males and females ; notwithstanding the great dissimilarity which the 
sexes so often exhibit, not only in the reproductive organs, hut also in other 
morphological characters, the systematic puts male and female together in one 
species, and hence makes at once the concession that his term “species” is not a 
purely morphological one, but that the higher criterion of the term is of a 
physiological kind. 

Although moqihological identity means also specific identity, the inverse that 
specific identity means morphological identity is not correct. The question, there- 
fore, is now, which physiological divergence we will take as the real criterion of 
specific distinctness. 

We have seen above that the line of ancestors of a given type can he divided 
into a recent portion which is independent of the lines of ancestors of all other types, 
and into a remote portion in which the lines of several types are combined. The 
specific difference which now keeps allied types separate was absent from them in 
remote times; what now is specifically different was formerly specifically identical. 
Hence a definition of “species,” i.e. a definition of what makes two types specifically 
different, has to exclude any relation to the ancestral forms of the given types, but 
has to take into consideration the contemporary types and their descendants. For 
the sake of argument let us assume all types of animals and plants were monogamies 
so that every individual would produce offspring without copulation with another 
individual. The question as to the characters of the descendants would be twofold: 
first, the descendants of a type (taken as a whole) become under certain conditions so 
changed that the gap which separates them from the descendants of another type is 
entirely filled up by intergradations, or that the descendants of both types entirely 
fuse together in characters; or, second, the sum of the descendants of each type 
remains under all conditions separated by a morphological gap from all other sums 
of descendants, whether the characters change or not. We have already referred to 
the transplantation of plants and animals bv which it has been proved that forms 
which were unhesitatingly considered specifically different became identical. The 
divergency in the development of forms has in these cases been annihilated, and we 
must conclude that similar divergencies will in nature also be annihilated when the 
necessary conditions arise. If. therefore, all the various types in animated nature were 
different only to that degree, it follows that under favourable circumstances all these 
different forms would fuse together 1o one single type. Divergency would change 
into convergeney and identity, and there would be no question as to species. As we, 
however, observe that fusing together is restricted to the nearest allied types, and 
t hat with the greater divergency of allied forms the possibility of fusing decreases 
until the forms remain separate under any condition, the term “specie* 1 * as an expression 
of the divergency in nature must Ik* an expression of that divergency which, though 
starting from identity in the ancestral forms, will never again develop into identity. 

In the ease of sexual propagation the question is more intricate in consequence 
of the intercrossing which takes place between different types. The question as to 
the lines of descendants is threefold : the line of descendants of a given type fuses 
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completely together with that of one or more other types under certain con- 
ditions, and the descendants are qualiiied for propagation ; secondly, the line of 
descendants remains separate under every condition ; and thirdly, the lines of 
descendants are partly fused by the appearance of cross-products, which, however, are 
not fully qualified for propagation. The two first points are the same as those 
mentioned under monogamic propagation. The third case is of little coiibequeuee ; 
the eross-products, though often obscuring the fact of the independence of the 
descendants of two given types, have really no influence upon the lines of descend- 
ants, as the offspring of the cross-products soon become extinct, and therefore do not 
affect the characters of those descendants of the present types which are not cross- 
products. In asexual and in sexual propagation we observe that the lines of 
descendants of the various types exhihit this contrast, that they are either capable of 
fusion or not capable of fusion : in the first case divergent development changes 
under certain conditions into convergent development, and ends in identity ; in the 
second case the development ends under every condition in divergency. 

In order to see clearly which kind of divergency in animated nature we shall 
have to term specific, we will shortly recapitulate those points which have to be taken 
into consideration. 

1. The presence of morphological distinguishing characters is not a final criterion 
of specific distinctness ; a definition of species based solely upon such differences uot 
only would not take into account individual, geographical, and historical polymorphism, 
but would, if consequently applied, make every individual specifically distinct, as we 
have seen that the sum of the characters of every individual is different from the 
sum of the characters of every other individual. 

2, Though according to the theory of evolution every species is the outcome 
of the transmutation of another, ancestral species, we have only morphological 
characters to distinguish ancestral and descendant species by. Therefore, considering 
what is said under 1, a final criterion whether the different types which form the 
direct line of ancestors of a given type are “ specifically ” different is wanting ; 
palaeontology provides us with morphologically different specimens, which can never 
be proved to have been specifically distiuct. And as, further, allied species have at 
a former period not been specifically different, a definition of the term u species ” 
based upon evolution must leave the line of extinct ancestors altogether out of 
consideration. 

3. As the theory of evolution further implies that a species can in the course of 
time develop iuto one or more descendant secies, the term “species” rigorously 
applied must be restricted to contemporary individuals. Hence the definition of the 
term “ species ” as designating a certain kind, and always t he same kind, of diversity 
throughout animated nature, has to be arrived at by comparing the divergency of I 
coexistent types. 

4, The theory of creation explains the diversity in animated nature by 
assuming that every species from the time of its special creatiou to its extinction 
is a unit separate from every other unit ; allied species have never been and will 
never be the same. The theory of evolution, abandoning special creation of each 
species, puts in its place divergent development from a common form, but to explain 
the actually existing great discrepancy in nature must assume, like the theory of 
creation, that when a certain degree of divergency is attained the form of animal or 
plant exhibiting this divergency can never become out* with any other form. This 
degree of divergency stands in the same contraposition to all lower degrees of 


( 437 ) 

completely together with that of one or more other types under certain con- 
ditions, and the descendants are qualiiied for propagation ; secondly, the line of 
descendants remains separate under every condition ; and thirdly, the lines of 
descendants are partly fused by the appearance of cross-products, which, however, are 
not fully qualified for propagation. The two first points are the same as those 
mentioned under monogamic propagation. The third case is of little coiibequeuee ; 
the eross-products, though often obscuring the fact of the independence of the 
descendants of two given types, have really no influence upon the lines of descend- 
ants, as the offspring of the cross-products soon become extinct, and therefore do not 
affect the characters of those descendants of the present types which are not cross- 
products. In asexual and in sexual propagation we observe that the lines of 
descendants of the various types exhihit this contrast, that they are either capable of 
fusion or not capable of fusion : in the first case divergent development changes 
under certain conditions into convergent development, and ends in identity ; in the 
second case the development ends under every condition in divergency. 

In order to see clearly which kind of divergency in animated nature we shall 
have to term specific, we will shortly recapitulate those points which have to be taken 
into consideration. 

1. The presence of morphological distinguishing characters is not a final criterion 
of specific distinctness ; a definition of species based solely upon such differences uot 
only would not take into account individual, geographical, and historical polymorphism, 
but would, if consequently applied, make every individual specifically distinct, as we 
have seen that the sum of the characters of every individual is different from the 
sum of the characters of every other individual. 

2, Though according to the theory of evolution every species is the outcome 
of the transmutation of another, ancestral species, we have only morphological 
characters to distinguish ancestral and descendant species by. Therefore, considering 
what is said under 1, a final criterion whether the different types which form the 
direct line of ancestors of a given type are “ specifically ” different is wanting ; 
palaeontology provides us with morphologically different specimens, which can never 
be proved to have been specifically distiuct. And as, further, allied species have at 
a former period not been specifically different, a definition of the term u species ” 
based upon evolution must leave the line of extinct ancestors altogether out of 
consideration. 

3. As the theory of evolution further implies that a species can in the course of 
time develop iuto one or more descendant secies, the term “species” rigorously 
applied must be restricted to contemporary individuals. Hence the definition of the 
term “ species ” as designating a certain kind, and always t he same kind, of diversity 
throughout animated nature, has to be arrived at by comparing the divergency of I 
coexistent types. 

4, The theory of creation explains the diversity in animated nature by 
assuming that every species from the time of its special creatiou to its extinction 
is a unit separate from every other unit ; allied species have never been and will 
never be the same. The theory of evolution, abandoning special creation of each 
species, puts in its place divergent development from a common form, but to explain 
the actually existing great discrepancy in nature must assume, like the theory of 
creation, that when a certain degree of divergency is attained the form of animal or 
plant exhibiting this divergency can never become out* with any other form. This 
degree of divergency stands in the same contraposition to all lower degrees of 


development, which allow a fusion of tin* respective form.*, as the negative does to 
ihe affirmative, and therefore is different from the lower degrees of development not 
only as to degree, bnt also as to kind. 

5. From the fourth point it follow?, that if specific difference means a difference 
of kind, not only of degree, the chief criterion of specific distinctness of a given form 
of animal or plant is the impossibility of fusion with other forms. 

lienee we have to accept t lie following definition of the term “species”: — 

^1 species is a group of individuals which is differentiated from all other corn - 
tern) to vary groups by one or more characters , and of which the descendants U'hirh 
are fully qualified for propagation form ay a hi under all conditions of life one or 
more groans of individuals differentiated from ihe descendants of all other groups 
by one or more characters. 

The reasons why we do not accept one of the definitions of species given by 
other authors are best stated by shortly discussing the definitions of Rimer, 
Romanes, and 'Wallace. 

I. Rimer's definition * is a purely physiological one : — 

“ ►Species are groups of individual* which are so modified that sexual intercourse 
does no longer take place between them and other groups, or that successful inter- 
course is not unlimitedly possible/' 

A] Kill from the criteria of the term species” in this definition being negative, 
we cannot accept the definition simply because it is not a definition in consequence of 
its allowing us a choice between two different criteria. Let ns discuss these criteria 
separately : 

1. “ Specie* are groups of individuals which are so modified that sexual inter- 
course does no longer take place.” 

According to this definition the prevention of intercrossing is a consequence 
of the modification of the groups of individuals. From several sides attention has 
been drawn to the occurrence of psychological selection among the individuals of the 
same species, especially among specimens belonging to varieties of domesticated 
animals. As in these cases intercrossing does not take place on account of a dislike 
of the respective varieties, i.e. as the prevention of intercrossing is a consequence 
of the modification of a species into varieties, these varieties wotdd conform to 
Rimer’s definition, and therefore would have to be considered as distinct species. 

2. “ Species are groups of individuals which are so modified that successful sexual 
intercourse is not unlimitedly possible.” 

In the second part of his studies on Papiliosf Rimer claims priority over 
Roinane* as to the principal idea upon which Romanes based his theory of Physiological 
Selection. The chief premia* of this theory is I lie occurrence of such a variation 
among the individuals of the same species that a group of specimen* does not only 
not cross with the rest of the individuals on account of dislike, but is infertile or 
restrictedlv fertile with them, whereas the specimens of that group are inter se com- 
pletely fertile. If such a physiological variation occurs, and there is no reason why 
it should not occur, that group of individuals would constitute a species according to 
Rimer's definition, in spite of the absence of morphological distinguishing characters, 
and in spite of the offspring of the physiological variety belonging partly to the 

* Kimcr. Artbihhni/f vnd Verwandtuehaft bri Schmrttt rlimjt //. 1SKJ). p. 1<>. Romanes, in Darwin and 
Aftrr Darwin, 1890. p. 229, says that lire *■ purely physiological dofinil ion is not nowadays entertained by 
any naturalist.*' 

+ Eiiner, .1 rthdduny and \ trwandtsrhaff hri Sr*/i met trvlhujrn 11. Jena, 180.V p. II. 
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* Kimcr. Artbihhni/f vnd Verwandtuehaft bri Schmrttt rlimjt //. 1SKJ). p. 1<>. Romanes, in Darwin and 
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normal form of the species. Even if the physiological difference is accompanied by a 
morphological difference, the variety cannot be considered a species as long as some 
of its offspring are of the normal form ; A and B are not specifically distinct as long 
as A produces B, and B produces A. 

II. Komanes’s definition * is as follows : — 

“A group of individuals which, however many characters they share with other 
individuals, agree in presenting one or more characters of a peculiar and hereditary 
kind, with some certain degree of distinctness. ” 

This definition, if the words “and hereditary ” were left out, would be basotl 
solely upon the presence of morphological difference. “ Evolutionists,” says Romanes, 
“have more and more grown to lay stress on the hereditary character of such 
peculiarities as they select for diagnostic features of specific distinctuess. Indeed it 
is not too much to say that, at the present time, evolutionists in general recognise 
this character as. theoretically, indispensable to the constitution of a species.” ] Our 
objection against the word “ hereditary,” which does not “ supply exactly that objective 
and rigid criterion of specific distinctness” which we necessarily require, is two- 
fold : — 

1 . There are characters of an hereditary kind which are not specific. Indeed 
many of those peculiarities of individual varieties which regularly appear in every 
brood are hereditary, but do not make the individuals which exhibit them specifically 
distinct. Among the individuals of Papilio sarpedo/ 1 ,\ to give an illustration, appear 
specimens (in New Uritain regularly) which have one or two additional green spots 
on the forewing ; in specimens from the Solomon Islands additional green spots 
are always present ; as for certain reasons we consider Papilio sarpedon to be the 
descendant of a species with a greater number of markings than sarpedon now has, the 
presence of such additional markings we have to explain by the assumption that these 
markings are inherited from the ancestors. We observe here restricted inheritance 
of a peculiar character in the individuals from various parts of the Indo-Anstralian 
regions, and constant inheritance of that character on the Solomon Islands. Not- 
withstanding that it is an hereditary character which distinguishes the respective 
individuals, these specimens are not specifically distinct from those individuals which 
are devoid of that character. 

2. Specific characters are not unrestrictedly hereditary. It is a well-known fact 
that the various forms of some polymorphic species of butterflies are so distributed 
that the species is polymorphic in one, monoinorphie in other districts. Papilio 
aef/eus has a number of different female- forms in New Guinea, the Aril and Ivey 
Islands, while in Australia there is only one kind of female* Pitpiliu chjtia is remark- 
ably dimorphic in India in both sexes — the varieties are called clf/tia- form and 

* Romanes, Darwin and After Darwin II. Is05. p. 231. 

f I hid. 

t In this article 1 have given tlie names of species an<l varieties without adding the “ author " for two 
reasons. (I) The original meaning of a name has mostly changed, its application having l>ecome restricted 
or extended. The reference to the original author, therefore, would give us quite an erroneous idea about 
the extent in which the name is used in this article. Various writers apply the same name with the same 
original author to different forms of Lcpidaptrra : hence it is necessary, in order to avoid confusion, to say 
precisely in which sense a name is here made use of. (2) As it is the* contents of a name and not the name 
I have to deal with, the mere annexation of an author’s name to the specific or varietal name would not 
eonvey to the reader any idea about the meaning of the name ; it is, therefore, necessary to given reference 
to a book where the respective form has been figured or sufficiently described. Instead of giving the 
reference behind each name, 1 annex to this article, for the sake of simplicity, an alphabetical list of the 
species and varieties with the necessary references. 
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dissimil is- form — while on the Andaman Islands only a dissiiaifis- form and on the 
Philippines only a clytia-i orm occurs; both the Andaman and the Philippine mono- 
morphic insects are not specifically di.dinct from the Indian dimorphic insect. The 
nearest ally of Pap'dio clylia is the very variable Pnpilio paradoxus* If we assume 
that the Andaman and Philippine insects are the descendants of the Indian dimorphic 
clylia , or the latter the descendant of the former, or all three the descendants of a 
common ancestor, it is evident that the characters by which formerly (before the 
separation into three geographical races) the species was distinguished from para- 
doxus are not the same as those by which all forms from the three localities together 
which forms now constitute the species) are at present distinguished from paradoxus. 

We may add a few more illustrations from other well-known hutterllies. The large 
Papuan butterflies usually called Omit It opt era are in the male sex of an orange, 

green, or blue colour. For the sake of argument let us assume that the green 

priamus, orange croesus and lydius , and blue urvillianus were derived from a 
common ancestor which had an orange male. The nearest ally is O. tithoaus , which 
has a green male. In the diagnosis of the green ancestral forint* of tithoaus the 
difference in colour between it and t he orange ally would have been a specitic 

difference ; the recent tithoaus cannot be differentiated from iMamus bv the shade 

of colour, as both insects are green. This one specific character has not remained a 
specific character in t itho nus, though perhaps the ancestral tithoaus and the recent 
one are identical in colour, and though the character itself, therefore, has proved to 
he hereditary; on the other side, that one distinguishing character of the orange 
ancestor of priamus, croesus , lydius , and urvillianus has been inherited only by 
lydius and croesus , not by priamus and urvilliu tins, and therefore has proved to he 
on 1 v rest ri ct edl y h eredi t ary . 

One of (he characters by which Papilio eurypyhis is distinguished, for instance, 
from P. sarpedoa , is the position and extent of the red costal mark on the underside 
of the hindwing. This mark is in curypylus a small red spot before the costal 
uervnre, while iu sarpedoa the spot is extended beyond the costal to the subcostal 
nervure. Quite recently Mr. Walter Pothsehild received a series of specimens of 
P. curypylus from the Kei Islands,! among which is one that has the red mark 
extended to the subcostal vein. The extent of this spot, which until now was a 
specific character of curypylus . is no longer of specific value, and cannot serve to dis- 
tinguish curypylus from sarpedoa or maefarlaaei : in respect to the latter two 
species the form of the spot is hereditary, hut no longer specific; in respect to 
curypylus it is not unrestrictedly hereditary, and also no longer of specific value. 
Now, if it should happen that all specimens of eurypylus acquired the extended red 
mark and became at the same time in other characters still more different from 
sarpedoa and maefarlaaei , would then curypylus , sarpedoa , and maefarlaaei of 
our days not he specifically different, because their offspring exhibited other distin- 
guishing characters ? 

The objection against the use of the word “ hereditary *' in (he definition of the 
term “species ” which we have here raised is based immediately upon the assumption 
of the transmutation of species and their components (varieties). The species A and 
B , to put it figuratively, may have as specific characters a and h respectively ; in the 

* Papilio echidna From the lesser Sunda Islands is a disxim r7/^*form, but is perhaps specifically distinct ; 

1 do not take this insect into account here. 

j Collected by Captain Cayley Webster. The importance of the record of individual aberrations is 
here again evident. 
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course of time, which need not be long, the species A find B develop into A 1 and B l t 
with the characters a 1 and b l respectively ; this change in characters may perhaps he 
due to the respective areas occupied by the species being suddenly extended or 
restricted. The characters a and b are, therefore, not inherited by A 1 and B l ; but 
.1 and B (and A 1 and B l ) are nevertheless specifically distinct. 

III. Wallace’s definition of the term “species”* is a combination of definitions 
1. and II., with the addition that the specific characters are of an adaptive kind. As 
the objections raised under I. and 11. apply also to Wallace’s definition, we can restrict 
our remarks to a short discussion of that latter point. As a species is not only 
opposed to every other species, but is also to be distinguished from variety, the 
definition of the term “ species ” must be a guide for the distinction of species from 
variety. The kind of characters, therefore, to be mentioned in the definition inu>t 
exclusively be distinctive of species ; a certain quality alleged to be required to make 
a group of individuals specifically distinct must not be a quality that distinguishes 
variety from variety. The questiou is, therefore, are there varieties (as opposed to 
species) the distinguishing characters of which are adaptive ? The theory of Natural 
Selection, so much supported by Wallace, gives an affirmative answer. All the 
varieties which are selected as the fittest are varieties with special adaptive char- 
acters. If we accept Natural Selection as a factor in evolution, we have consequently 
to concede that both species and varieties are “adapted to slightly differeut con- 
ditions of life.” Hence it is evident that Wallace’s definition of the term “ species ” 
includes a quality which is not exclusively specific, but applies also to the term 
“ variety,” and that we have to cancel altogether the restriction that specific characters 
are of an adaptive kind. 

The principal objection here raised against those three definitions, which may 
be taken as fairly representing the various views of modern authors, is that the 
definitions, even when accepted as giving the general distinction between any two 
species, do not furnish us with a geueral criterion between species and varieties. 
This sounds baroque, but is a fact. There are varieties (as opposed to “ species ”) 
which do no longer have sexual intercourse with the other individuals of the same 
species, and we must also assume that sometimes such an intercourse is not possible ; 
there are varieties which exhibit hereditary distinguishing characters; and there are 
also varieties with adaptive distinguishing characters. The consequence of accepting 
a definition of the term “ species ” which does not exclude every kind of variety (varietas 
as opposed to species) leads naturally to the conclusion that there is no real di>- 
tinetion between “ species” and “ variety,” and that it is purely conventional whether 
we call a form species or variety, an opinion by no means rarely met with even 
amongst us species-makers. For example, Butler says : f “ For some years past 1 
have held the view that what is generally uuderstood by the term “ species” (that is to 
say, a well-defined, distinct, and constant type, having no near allies) is non-existent 
in Lepidoptera, and that the nearest approach to it in this order is a constant, though 
but slightly differing, race or local form — that genera, in fact, consist wholly of a 
gradational series of such forms.” 

According to our definition there is, however, a real distinction between the 

* Darwinism. 1889. p. 1<17. 

f Ann. Mag. X. 11, (5). XIX. p. lull. It is easily perceivable from Dr. Butler's work on Ispidoptcra, 
for instance from his revision of a group of butterflies called Euplocinae, that what Butler regards above 
as ,4 species” is subspecies or geographical variety, the gradational series of which constitute the “ species, 
and that his “genus” is the species. 
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terms “species'* anrl “ variety,” a distinction which indeed everybody silently accepts 
who considers the enormous numbers of different forms of animals ancl plants to be 
the outcome of divergent development, ancl expresses this development by the con- 
ventional figurative tree, if the specimens represented by any given portion of a 
branch of this tree were so constructed that under favourable circumstances they 
would he identical with the specimens represented by a portion of another branch, 
i.e. if any two branches could, ancl can, long after the common origin, merge together, 
then branch off again, merge together again, and so on, it would be preposterous to 
assume that this should never have happened. Put if we thus should have to concede 
the possibility that the lines of ancestors of anv two forms of plants or animals, say 
of the lion and the giraffe, were such that they first became widely divergent, then 
identical, then again widely divergent, not only the figurative tree, hut also the 
kind of evolution it is meant to illustrate, would be pure nonsense. Therefore we take 
it that wo are actually agreed upon that part of our definition which says that from 
a certain point a branch of the tree cannot merge together again with any other 
branch ; now, if we call every form which has reached this degree of development 
specifically distiuct, we have an absolute distinction between species and the lower 
degrees of development. 

The question of specific distinctness or non-distinctness is therefore twofold : 
first one of morphological, aud secoud oue of physiological difference. As the 
systematist is practically not able to test by experiment the presence of the second 
distinction, it is obvious that he never can prove with certainty from the specimens 
alone whether the distinguishing morphological characters they exhibit are of specific 
value or not. However, we are able to arrive at a probably correct conclusion without 
testing in each case the specific distinctness, if we take into account the way in which 
divarication of species comes about, and if we further compare the characters of such 
forms as have been tested to be specifically distinct. 

For our present purposes it is quite irrelevant whether the causes of the trans- 
mutation and divarication of species are those factors which are maintained by the 
Neo-Darwinians to be the sole agents, or those which the Xeo-Lamarokiaus cousider 
to be alone effective. Hence we shall abstain from any discussion of the much 
contested final causes of divergent development, and shall simply ask, which is the 
way that leads from variability of a species to divarication of this species into more 
species? Our purpose allows us to simplify the question still more and to restrict (he 
discussion to the two points: first, can a species develop into two (or more) species 
without isolation? secondly, can isolation as such transmute one species iuto two 
(or more) ? 

The mo^t extreme kind of variability of a species logically possihle is that iu 
which the varieties composing the species are not only morphologically hut also 
physiologically different. As upon the occurrence of such variation Romanes's theory 
of Physiological Selection, which we have had to allude to several times, is founded, 
we may be allowed to annex our notes to a short discussion of this theory as far as 
it bears upon our particular question. 

r n order to explain the infertility or restricted fertility between different species 
Romanes assumes that the divarication of one species into more species has something 
to do with the occurrence of such a variation that some individuals of a given species 
are not fertile with the rest of the species, hut are fully fertile inter se. That 
variety, though living in the same district as the normal form of the species, will 
develop divergently, according to the theory, and give rise to a new species, as it 
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is physiologically so separated from the normal individuals that intercrossing is 
excluded. Is this conclusion correct ? 

YY have seen above that aberrational individuals occur again and again among 
the normal specimens; if therefore a physiological variety such as Komanes’s theory 
demands occurs once, a species is able to produce it again and again, as long as the 
circumstances under which the species lives do not change. 15ut to make the case 
as favourable as possible we will assume that the normal individuals, which may be 
designated as A r , gave birth to the variety Fonly once, so that if all the specimens 
of the variety were killed the variety would never reappear. Now, the offspring of 
the variety Fwill in the first and following broods belong either all to the variety F, 
or partly to the variety Fand partly to the normal form X. The first assumption 
nobody can admit to occur, as this would mean that I 7 is a species suddenly branched 
off from X , and as further we should have, instead of the explanation of the phenomenon 
of sterility between species which it is the aim of the theory to give, merely the 
statement that species F has sprung up among the individuals of species X with 
which it is infertile. Hence we have to do only with the second case, that part of 
the offspring of F, at least part of the first brood after the origin of F, belong to X ; 
these offspring of Fwe will designate Xv in order to iudicate that, though they are 
normal, they are the immediate descendants of parents with varietal characters. Xv 
cross inter se and with X, not with F; which characters will the offspring of Xv 
have, which itself, we repeat it, is the descendant of F? The offspring of Xv could he 
either all identical with Xv (=xY), or partly identical with Xv and partly with F. The 
first alternative means that each specimen of F produces two groups of individuals, 
Vv and AY, of which one group (Xv) never will give rise to a form similar to its 
parent-form F, while the other group (Fr) produces both the parent- and grand- 
parent-form. Although the assumption here made, that some of the offspring of one 
specimen breed perfectly true (AY), w’hile the other offspring do not breed true, is 
quite at variance with our experience, and therefore not acceptable to any naturalist, 
we will nevertheless accept the assumption for the sake of argument. As V breed> 
in and iu, according to that assumption, it is argued that in the course of time V will 
become so modified that it will also breed true like X and then he specifically 
distinct. Apart from AY and F here being already two species from the beginning, 
one (AY) breeding true, the other (F) producing per salt ion in every generation 
some specimens of AY, an illustration will show* at once that before the above- 
mentioned modification is effected the variety V will altogether be swamped away. 

Let us assume (1) that in an isolated district two hundred specimens of a certain 

species (oue hundred of each sex) could find subsistence ; (2) that each female would 
produce ten females and ten males ; (3) that at a given time one-tenth of the 
specimens conformed to the variety F, i.e, were sterile with the other nine-tenths 
(A T ), but fertile inter se; and (4) that 80 per cent, of the offspring of V belonged 
to F, the other 20 per cent, to A T , which breeds true, — for convenience we shall take 
into account only the females , — the numbers of the forms A* and Fin the successive 
broods would be as follows : — 

i. ii. iii. iv 

A' 0 ‘jo 02 04 0 j . 

F 9 10 * 0 5 ... 

Y e see that the number of specimens of V diminishes, and that extinction of 
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V must soon be the result, if at the first appearance of V the number of individuals 
of this variety was not very great. With every successive brood the percentage of 
varietal specimens produced by will become higher, and to make np for this we have 
assumed that the very first specimens of V produced already 80 per cent, of the 
varietal form. 

There remains now only the second alternative, that Xv as the descendant of V 
produces both V and X, which agrees with what we know of the propagation of 
varieties which occur amoug normal specimens, and hence is the only acceptable 
alternative. The offspring K?i of Xv crossing with Ewill bring the blood of Xv and 
X, which interbreed, into J r , just as Xv (as the offspring of IQ brings the blood of V 
into X, and this would go on as long as V and X exist together in the same locality. 
Though X and Fare mutually sterile, the blood of X comes into V by means of Vn t and 
the blood of V into X by means of Xv ; this indirect intercrossing will completely 
annihilate the effect of the assumed mutual sterility of X aud V, The following 
diagram will serve to illustrate these lines : — 



It can easily be shown that after a certain time X and V will occur in equal 
numbers.* 

The physiological selection will, therefore, in no ease result in divarication of 
a species into two, but the outcome of the physiological variation will be either 
dimorphism of the species, when both the normal and the varietal form are equally 
favoured in respect to the circumstances of life, or extinction of that form which is 
the least favoured. If however the most favourable kind of variation does not lead 
to the origin of a new species beside the parent one, no other variation will lead to 
this end. Hence we must conclude that a divarication of a species into two or more 
species cannot come about so long as the divergent varieties live so together that 
a direct or indirect intercrossing is not prevented. 

Having thus disposed of the possibility of the divarication of speeies 
withont the help of some kind of local separation, we have to consider the other 
qnestion : whether local separation as such can be able to give origin to a variety 
and to transform a variety into a species. The theory of isolation as promoted 
by Wagner says that the peculiar characters of some isolated specimens will by 
breeding in and in finally he transmitted to all the descendants of those specimens, 
and their degree of divergency become in the course of time so much higher that 
these descendants represent a new species. 

Experiments teach us that aberrant specimens of a species occurring amongst 
the normal specimens produce, when crossed together, offspring which partly are of 
the normal, partly of the varietal form of the speeies ; from black specimens of the 
moths Amplndasis betularius aud Upends monackn are obtained both black and 
white individuals. To make the circumstances most favourable for the eventual 
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divergent development of the variety we will assume (1) that a number of varietal 
specimens are completely isolated from the rest of the species ; (‘2) that 80 per cent, 
of the offspring of these specimens belong to the varietal form. The specimens 
now have to propagate under the further premiss (3) that the normal and the 
varietal forms exist under exactly the same conditions of life, so that every other 
transmuting factor besides mechanical isolation is exclnded. By mechanical 
isolation we understand a separation of the animals or plants in question by a 
mechanical barrier, so that an intercrossing with the original stock is prevented; 
experimentally the case could be demonstrated by rearing wingless animals side by 
side, bnfc separated by an adeqnate fence. Under the above premisses ten females of 
a variety, eaeh producing twenty females , kept in an enclosnre representing the 
isolated locality, would give birth to a hundred and sixty females of the varietal 
( 1 r ) and forty of the normal form (AT). If the latter produce also eaeh twenty 
females , of which 80 per cent, might be taken as normal and 20 per cent, as 
varietal, and if the locality is fit to provide food for a thousand females (and a 
thousand males , which are not taken into account), the numbers of both forms would 
in the succeeding broods be as follows : — 
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The result is here again that after a small number of broods both the varietal 
and normal forms will exist in equal numbers in the isolated district. The varietal 
form can never become the sole inhabitant of that district unless the circnmstances 
of life are such that the normal form is less favoured by them, i.e. unless there is 
some transmuting factor active besides isolation. Isolation as such is not an 
active factor which prodnees a character, blit is a factor which meivly preserves 
a character produced by some other factor ; isolation has, therefore, no direct 
effect. The reason that the effect of isolation has by many authors been so much 
overestimated is so obvious that we scarcely ueed mention it : the differences exhibited 
by geographically isolated forms of the same species are often attributed to the direct 
effeet of isolation, because isolation and morphological difference were seen to be 
always associated, while no other transmuting factor seemed to be obvions to those 
who were unacquainted with the experiments made in this direction. Apart from 
experiments, there are many geographical races which, on closer examination, show 
at once that their characters cannot be the outcome of the isolation of some ancestral 
specimens which accidentally exhibited the respective distinguishing character. 
Wallace* was the first to draw attention to a peculiarity common to a great many 
species of butterflies on the island of Celebes : these species or varieties have much 
longer and more falcate forewings than the races from the other islands of the Indo- 
Australian region. On the island of Snrnba, which lies south of Flores, that 
character is also found in some species. The Chinese races of butterflies and moths 
have generally the black colour more extended than the respective Indian races. 
The butterflies and moths of Sumatra and Borneo f are mostly much darker than the 
races of the same species from Malacca and Java. The Qneenshindiau races are 
often pale, those from the Ivei Islands have the markings often restricted, awl soon. 

* Proc. Linn. Soc. Land. XXV. p, 18. 

f Hagen, Iris 181U. p. 17. 
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Characters like these, common to a multitude of racial forms living in one isolated 
district, cannot be accounted tor by a direct effect of isolation : it would be almost 
ridiculous to assnmc that the first specimens of a great number of species which 
came to Celebes had all long and falcate wings, while the specimens dispersed over 
tlie neighbouring groups of islands had short wings : or that the first specimens 
which came to Sumatra and Borneo were dark, while the individuals of the same 
speeies which migrated to Java were iu so many cases less black. 

We now have seen that the geographical isolation of aberrant specimens has not 
been and i> not the means of the divarication of species, and that the effect of the 
transmuting factor* acting upon the specimens of a species within the same locality 
is at the highest marked polymorphism ; therefore there is only one way possible 
by which the divarication of a species into two or more can come about — that is, the 
combination of isolation and transmuting factors. TJt? isolation oj on a ov move 
(Neo-Darwinian and Xeo- Lamarckian) is the means by which the specimens 
of a species which are subjected to these isolated factors, whichever they may be, 
become different from those specimens which stand under other influences, no matter 
whether the first specimens which became isolated as to the transmuting factors 
were normal or aberrational. This assumption corresponds completely with the 
result of experiments, and explains all the peculiarities iu the characters of geo- 
graphical races and representative species. And we shall see in the third part oi 
this paper that there are instances in which the geographical isolation can be very 
incomplete, and in which, nevertheless, the divergent development will lead to specific 
distinctness of the biologically isolated specimens. 

The geographical races thus produced wc must assume to be tirst inconstant, to 
become more and more constant and divergent by the incessant influence of the 
transmuting factors, and to develop Anally into a form which is so modified that it 
never will fuse either with the pareut-lorm or the sister-forms, and that it thcrclore 
agrees with the definition of the term ‘‘species.’ 

As tins kind of divarication of species is the only possible* one, and hence 
geographical polymorphism of a species the beginning oi the ramification into more 
species, the study of localised varieties is of the greatest importance in respect to 
the theory of evolution ; the study of geographical races, or subspecies, or incipient 
species, is a study of the origin of species. The meaning of the term “ sub- 
species,”-)- nowaday* generally applied to geographical or localised forms, is 
evolutionistic, and, in fact, the only evolutionistic idea which has penetrated 
into that work of sy*temati*ts which is purely diagnostic. Every scientist 
who pretends to lie an evolutionist must perceive the importance of subspecies. 
Whoever persistently ignores the existence of subspeeitic characters ought to 
have tli e courage which 1 admire in (’liarles Obcrtinir — great courage it certainly 
requires to defend a standpoint against the bulk oi naturalists to detinc the 
species as a created entity. 

fiimer, Arthildnmj and Tennindtscha/t bd Schmrttevlimjeth gives beautiful 
examples of the various degrees ol‘ divergency oi localised varieties. \\ hether onh 
one or a few specimens exhibit in a given locality a character not found elsewhere ; 
whether a greater number of individuals in a certain district are characterised In a 

* It is scarcely necessary to add that the area to which a certain transmuting factor is restricted 
•ed not bo a political or physiogrnphical district. 

t This term had already Veil applied t< geographical races before the appearance of Darwin’s Origin 
•f Sjb rirs. 
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peculiarity not met with, or rarely met with, in other districts ; whether all t ho 
localised specimens are different from the rest of the species ; whether a localised 
variety is or is not connected with the other varieties by intergraduate specimens,— 
in every case the presence of a localised peculiarity indicates that the individuals 
inhabiting the respective locality are on the way to develop divergently in con- 
sequence of some biological peculiarity of the locality. All these degrees of 
divergency are distinguished from that higher degree which we have taken as the 
criterion of specific distinctness by not conforming to the physiological part of 
our definition of species. By experiments if has been proved * that geographical 
forms lose their distinguishing characters and fuse together with other forms of 
the same species. Therefore, if all the coexistent specimens of a species were at 
our disposal, the definition of the term “ subspecies ” would be as follows : — 

A subspecies is a localised group of individuals of a species the mean of the 
characters of which is different front the mean of the characters of all the other 
localised groups, and which will , under favourable circumstances, fuse together with 
other groups. 

However, the material contained in collections is, compared with the actnal 
number of specimens existing of each variety, extremely meagre, though nowadays 
systematists comprehend more and more that a lew specimens of each species 
are insufficient for a serious study, and hence try to bring together long series from 
every locality. The conclusions, in respect to variation, which we draw from the 
inadequate material we have to work with, must necessarily often be erroneous. If, 
for example, our series shows a variation of a character (expressed in numbers) 
between twenty and fifty, there may, in fact, exist individuals which stand outside 
these limits. Bare varietal specimens, which hitherto have been found only in a 
certain locality, may very well occur elsewhere ; a certain variety may appear to us 
more common in one locality than in another, and hence the mean of the characters 
in the first locality to be different from the mean in other localities, becanse a 
collector paid more attention to varietal specimens in the first locality. This imper- 
fectness of our knowledge we have to take into account, and we must, therefore, 
restrict the application of the term “ subspecies ” in order to avoid deception as far 
as possible. 

The above definition has not had regard to the degree of divergency attained by 
the localised form. Now, we ask, which then is the lower limit of application of the 
term “ subspecies *’ ? The diversify which the sexes exhibit in respect to localised 
variation gives us the answer. Wo know a good many cases in which the males 
are in various districts not distinguishable, while the females are very dificrent, 
and cases in which the variation takes place in the male sex and not in t lie 
female sex. For illustration we refer to the following inserts : Papiho semperi, from 
the Philippine Islands, varies in the female sex according to locality, while the 
males from the various islands, in spite of individual variability, an* not distinguish- 
able ; Papilio oenoma us, from Timor and Wetter, is on these two islands the same 
in the male sex, while the females are conspicuously diilereut : and so it is with 
Papilio ]>hestus, from Xrw Britain, Xew Ireland, and the Solomon Islands. 11 we 
apply in these cases, tin* importance of which we shall soon endeavour to show, the term 
“ subspecies,” we have a rule which can guide us in all other cases namely, as the 
nnmbers of specimens of each sex can he taken as being (roughly) equal, we shall 
have to use the term “subspecies when a localised variation is such that about halt 

* Kernel* Gttte und Schh'chtc Artrn \ WeiMiiann Studun zur Dt$i'tndcnzth*oru . 
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of the individuals belong to the varietal form. All lower degrees of localised variation 
may be termed “ localised aberration (al>. loc. = aher ratio alicuius loci).* 

We have already referred to some observations which show that localised 
divergent development is going on under our eyes. There arc certainly species 
which are at present stationary, and perhaps have been so for a long time ; but so 
much is certain that nearly all the species which have a wider distribution (except 
a number of u globe-trotters exhibit some kind of local variation, and that, there- 
fore, since local variation is the beginning of the divarication of a species into more 
species, the more widely distributed species are at the present period actually in 
a state of divergent development. We have examined a great many Lepidoptera , 
both butterflies and moths, in regard to this question, and find that there arc very 
few species which are not split up into geographical races, although the differences 
between the subspecies are often extremely minute. The degree of divergency 
depends especially on the sensibility of the species in respect to the transmuting 
factors, and on the degree of isolation and intensity of the latter, as well as on the 
degree of geographical isolation. Wingless animals, and plants without means of 
dispersal, are generally more easily affected and on smaller areas than animals and 
plants with good means of dispersal. Wingless beetles, for example, such as 
(■ambus, vary enormously according to locality; in the Alps, for instance, there 
are a great many subspecies of Carabus each confined often to one mountain. 

The number of subspecies into which the Indo-Australiau Papilios have 
developed is very great, f and, when studying these insects, we were surprised to 
find that, in opposition to the general view, not the males but the fema les appear 
to he the first affected by localised transmuting factors. Jn all cases, without 
exception, where the distinguishing characters of a subspecies are found only in one 
sex, it is the female and not the male which exhibits them ; and further, in those 
subspecies which arc obviously different in all specimens of one sex, slightly or even 
only occasionally different in the other sex, it is again th q female that is the more 
aberrant sex. if we further take into account the local aberrations as far as they 
constantly and commonly appear among the normal specimens, we have tliirtv-six 
cases among the lndo-Australian l’apilios in which the localised variation is entirely 
or almost entirely restricted to the female sex, while there is not a single subspecies 
which is in t he male much more ditlerent from the allies than in the female. Jn 
seasonal forms of Papilios the females again exhibit a greater amount of diver- 
gency than the males , a phenomenon which is strikingly illustrated by the Japanese 
Papilio machaon hippocrates. The variability is in the females of the Indo- 
Anstmlian Papilios altogether greater than in the males, or, to express it biologically, 
the females arc more easily affected by the causes of variation than the other sex. 
If localised variation is the beginning of the divarication of a species into more 
species, and we have seen that this is the only possible way by which divarication 
can come about, those phenomena, which relate especially to pattern, admit no 
other explanation than that, at least in all cases where the localised variation is 
restricted, or nearly so, to the females , the transmutation of the species begins in 
the female sex, and jhat, therefore, the female is in advauce of the male in respect 
of the development into new species. Eimer and Fickert in their studies on the 
Papilios come to the opposite result ; and that is, we think, due to their assumption 
that the original pattern of the wiugs of Papilios consisted of longitudinal bands 

* See this journal, lfW.Y p. iso. 
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standing at right angles to the veins ; if Eimer had assumed that the original 
pattern of the wings consisted of “ longitudinal ” bands running in the direction 
of the veins,* he would have arrived at a “ preponderance ” of the female sex. 

The degree of divergency is, in many subspecies, so minute that the peculiarity 
wonld escape even a skilled eye but for a carefully working systematist having 
drawn attention to it, and having fixed, so to say, the minute peculiar character 
by naming the subspecies. Romanes has severally referred to minute specific 
characters in order to confute 'Wallace’s opinion that all specific characters are 
useful; as specific characters are only higher degrees of development of subspecific 
characters, the question whether snbspecific characters have originated and are 
accumulated by Natural Selection is no less important than the same question in 
respect to specific characters. Dixon f and Allen } give ample illustrations of the 
question as regards birds. Of Lepidopte.ra we mention, out of hundreds of cases, 
only two : Papilio nomius has a western subspecies (Ceylon to Assam) and an 
eastern subspecies (Burma, Teuasserim, Tonkin, Hainan) which are constantly 
differentiated by one minute character, namely a brown line situate in the eastern 
form on the praecostal vein on the underside of the hiudwing, which short and thin 
line is absent from the specimens of the western snbspecies ; that this distinguishing 
character is indeed rninnte will be admitted if we add that, though it is the only 
constant difference of the two snbspecies we can find, it has never been mentioned 
by any specialist until 1 895, in Mr. Walter Rothschild’s Revision of the Eastern 
Papilios.§ Papilio agamemnon argynnus from the Kei Islands and P. agamemnon 
neopommeranius from Neu-Pommern differ from all the other snbspecies of 
agamemnon in the hind wings being above nearly devoid of markings, which renders 
the two snbspecies extremely similar ; but there is one constant character, which 
can easily he perceived with the help of a lens, that distinguishes neo pom mera n ius 
and argynnus : in neopommeranius the spots of the median row of the fore wing 
beneath are scaled all over, while in argynnus the outer portion of each spot is 
scaleless. Though nobody can very well entertain the opinion that such differences 
are due to the direct action of Natural Selection, one can evade the weight of the 
rninnte distinguishing characters by the assumption that these minute characters are 
correlated to some other, unknown, character which is of a useful kind. Lepidoptr.ra , 
however, furnish ns with the means to repudiate this evasive answer. All those 
species which are said to be mimetic, and which have been quoted again and again 
as excellent illustrations of the marvellous effect of Natural Selection, have certain 
characters of colour or form which are attributed to the direct (not indirect) 
influence of Natural Selection. Now, if such a character varies geographically in 
the mimetic species and at the same locality in the imitated species by miutite 
degrees, the minute difference between the geographical forms of the mimetic 
species onght logically also to be attributed to the direct action of Natural Selection. 
Snch cases are, however, not rare among insects. We refer, for the sake of illus- 
tration, to one of the most striking examples of mimetic adaptation. Papilio 
cauuus of the Malayan region lias a style of marking quite unusual for a Papilio , 
and resembles another, nauseous, butterfly, Enploca rhadamanthus , to a surprising 

* According lo Eimer, the costae and rows of punctures on the elytra of beetles are transverse, while 
the bands (of ( \ramhijcidae , Cant ha rid tic, etc.) which stand at right angles to those rows, and which are 
often continuations of the transverse bands of the sterna and aljdoraen, mn^t be called longitudinal. 

t Evolution irithout Xatural Selection , London, 1885. 

t On the Mammal# and Winter llirdat of East Florida, in Hull. Mus. Comp. Zool. 11. 1871. 
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degree. The three Malayan subspecies of Papilio caunus, inhabiting the first 
Malacca and Sumatra, the second Borneo, and the third Java, differ from one 
another by closer examination in the size of the white markings ; the differences 
are, however, so slight that they do not affect the general aspect of the specimens; 
in fact, the Java caunus resembles the Bornean ritnthunanthm just as much as the 
Bornean cumins does. Tin* difference between the three dv/wwos-fornis are certainl) 
not such that if the differences were altogether absent the specimens would be less 
protected; there are, to be sure, very few cases of mimicry in which the resemblance 
of the mimetic and imitated species is greater than that of any of the three caunus- 
forms with any of the three rha <ht ma n th K$-for ms. If, therefore, mimicry is of value 

to the imitating species in all cases where the resemblance is of a much more 
superficial kind, we cannot see why it was necessary at all to have the white mark- 
ings of the Borneo caunus , compared with the Malacca and Java caunus, a little 
reduced. Further, though the resemblance between the species in question is very 
great, there are still differences in markings between the mimetic and the imitating 
species in each locality which are greater than the differences between the three 
caw/ws-forms. It certainly requires a great deal of faith in the omnipotency of 
Natural Selection to believe that the slight reduction of the white markings in the 
Borneo form of Papilio caunus is due to a survival oi those specimens oi caunus in 
which the white markings were a little smaller than nsnal; the enemies of caunus 
to which we attribute the execution of the selection then must have been possessed 
of a rnnch keener power of discrimination of markings than the entomologists who, 
until the appearance of Mr. Walter Rothschild s Revision of the Eastern Papilios, 
treated the Bornean caunus as identical with t lie Java caunus as figured by 
Westwood ! If we, however, admit that the slight distinguishing characters of 
the three Malayan caunus-i orms cannot possibly be due to the action ot Natural 
Selection, but must be the effect of some other transmuting iactor, it is c\ idcut 
that also in all other cases of minnte distinguishing characters we need not refer to 
Natnral Selection as the cause of the minute difference. The presence of minute 
distinguishing characters allows, therefore, a restriction of the possible causes of the 
divergenev of the respective forms; and, as we thus have to admit the importance 
of insignificant distinctions in respect to evolution, it will be obvious that the 
importance increases as the degree of distinctness decreases. 

We have said above that we take as the lower limit of the application of the 
term “ subspecies ” such cases in which about half oi the individuals arc characterised 
by some peculiarity : which is the upper limit ? or, when have we to begin to call 
a form specifically distinct ? According to our definitions of the terms species ” and 
“subspecies," the distinction between subspecies and species is a biological one, the 
presence of which, as mentioned on p. 442, we systomatists are not able to directly 
prove or disprove from the material wc are working with. As wc know now from 
experiments and careful field observations that morphologically very ditlerent forms, 
connected or not by intergradations, can, in spite of the conspicuous ditlerences, 
be one species (individual and seasonal polymorphism, heterogenesis, etc.), it is 
a priori evident that also geographically separated forms, in spite of their being 
morphologically distinct, and in spite of their not being connected with one another 
by intergrudatious, can very well be subspecies of one species, ?.c. can under favour- 
able circumstances fuse into one form. The actual proof of specific distinctness the 
systenmtist as such cannot bring; we species-makers do, in fact, not pretend, at 
least many of us do not, that in every case the form which we pronounce to be 
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a species is really a species ; we work, or ought to work, with the mental reserva- 
tion that the specific distinctness of onr species novae deduced from morphological 
differences will be corroborated by biology (in the widest sense). The work a 
systematist has to do is twofold : above all, lie is a registrar of facts observed upon 
the body of individuals, and secondly he has to draw conclusions from those facts. 

All our knowledge of nature is based upon the knowledge of single 
phenomena. In Natural History the base of our knowledge is the individual : the 
characters of individuals and sums of individuals are the A 15 (J of this science ; they 
are to the naturalist what words are to t lie philologer. To render the characters 
clear is the first task to be solved ; before this task is completed we are not able to 
draw correct conclusions. Although nowadays the recorder of facts, the diagnos- 
tic^, does not rank high in scieuee, every theory in Natural History depends 
especially on the correctness of the facts furnished by the diagnosticist ; when that 
record lacks correctness the theory based upon it must break down. As an 
excellent illustration of this we may regard Weismanifs theory* of “ Pliyletie 
Parallelism in Metamorphic Species," as far as it asserts the existence of an 
incongruity in the classification of Le pit! opt era based on larval or based on 
imaginal characters. The u Rkopalocera " are by no means a sharply defined group 
in the imago state ; neither the erect position of the wing of the resting butterfly and 
the colour of the wings, nor the clnbbed antennae, are characters applying to all 
u Rkopalocera ’’ and exclusively to Rkopalocera ; and as there is no single character 
by which all the Rkopalocera are distinguished from all other Lepidoptera , we can 
also not expect that the larvae of Rkopalocera form a sharply defined group 
distinguished as a whole from all other Lepidopterons larvae. The apparent 
incongruity in the classification according to the larval or imaginal state of 
“ BombycUhtc ” and u Xotodonthhe" again is not due to an iucongrnent development 
of larvae and imagines, but to the fact that Lepidopterists have placed in these 
(and other) families the most heterogeneous things in consequence of an entirely 
inadequate knowledge of the forms classified. 

We learn from this illustration first that diagnostic work is the true basis of 
evolutionistic theories and hence of the highest importance, and secondly that the 
record of facts must be exact. Huxley says that the record of facts is not scientific 
if the facts do not permit of the drawing of general conclusions. In tlu* above case 
the blame is much more on the side of the systematist s who gave the clubbed 
anteimae as distinguishing character of butterflies, than on the side of Weismanu 
who accepted this statement as correct. If, therefore, diagnostic work is intended 
to meet the claim of furnishing facts from which general conclusions as to evolution 
(classification, variation, etc.) can safely be drawn, or if a diagnosticist claims to 
have his work regarded as scientific, it must be well distinguished between the 
description of the characters of individuals and the statement of an opinion deduced 
by the diagnosticist from the characters of the individuals ; the record ol‘ the 
characters of individuals, or the statement of facts, ought to precede the statement 
of the personal conclusion, which perhaps is entirely wrong. In the ease of species 
and lower degrees of divergency diagnosticist s mostly lose sight ot t his ; when we 
describe a number of individuals as belonging to a new species we present very otten 
to the reader, not the characters of the specimens, but a ready-made conclusion which 
asserts (1) that the specimens are specifically identical, and (2) that the species 
varies in colour, markings, structure, and si/.e to such and such an extent, flu* specific 
Weismanu. Studies in the Theory of Descent , London. ls*2. II. p. 13li. 
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identity and the specific distinctness of the specimens are eertaiuly our deduction, 
and the variation of the species thus erected is also ours. It is not rarely that one 
meets with diagnoses of species which give the average of some character of the 
individuals — for example, the average size — which perhaps is not tonnd in any of the 
specimens measured, or if found may occur very rarely compared with the greater 
abundance of large and small individuals.* Most deceptive are those diagnoses which 
contain statements like these : u Colour brown to black ; size 50 to GO mm. ; 
habitat India to New Guinea.” In such diagnoses the facts are veiled, and we are 
easily deceived by taking the diagnosis as being the record of iaets, while it is 
a mere statement of an opiuion. The erroneous view expressed bv Bomanes t that 
geographical races arc less abundant among animals than among plants, and 
Pagenstechcr's view J that moths do not vary to any extent according to locality, arc 
the consequence of such deceptive statements on the side of the diagnosticists. The 
description of a species or variety, therefore, ought to be a pure statement of facts ; 
as said above, the facts which the diagnosticist deals with are the characters of 
individuals : a pure statement of facts, with the exclusion of any statement arrived 
at by reasoning, we should have when the characters of the different individuals 
were recorded in such a way that from the description it would he plainly visible 
which characters belong to each single individual. W hen this is done, the state- 
ment of onr opinion as to the specific identity of the specimens, the variation and 
distribution of the species, etc., cannot affect the facts, and, therefore, cannot do 
mnch harm, even if our opinion should be wrong. Hence we take it that the 
description of a species or variety being intended to be a statement of facts, not of 
conclusions, ought to lie the description of one individual to the characters of which 
the different characters of other individuals are so annexed that a mistake as to 
which individual a respective character belongs cannot occur. That specimen round 
which the others are grouped in the description is the type-specimen of the 
description, and as the description is the description of the species or variety (as far 
as the individuals of the species or variety arc known at the time), in the same 
sense as a figure of an individual is meaut to represent the species or variety, that 
specimen is correctly called type-specimen of the species or variety respectively. 

Besides the pure record of morphological facts, the diagnosticist has to draw 
inferences from the facts : and as the recorder of tacts ought to know the facts best, 
the conclusions the diagnosticist arrives at ought to be generally correct it the method 
of reasoning is correct. The inferences which concern ns here are such as to the 
specific or non-specific distinctness of groups of individuals, and hence we shall 
restrict onr discussion to this kiud of conclusions. 

If we received a bird of Paradise with conspicuous ornamental feathers, even 
if the species were quite unknown to ns, we should at once pronounce the specimen 
to he a male^ though we know nothing about its having been a physiological male ; 
and if the quills of the ornamental feathers were surrounded by a horny sheath, we 
should conclude that the individual was not yet in full plumage. As L)r. Martin 
has succeeded in breeding tailed and tailless females of Papilio memnon from t he 
eggs of one female in Sumatra, we must conclude that also in other districts where 
the I wo female forms occur both can be produced by each of the two. What is 
found to l>e true in a number of cases we are bound to conclude to be true in all 
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similar cases* This inductive method of reasoning may often lead to wrong 
inferences, as the correctness of the latter depends first on the premiss that there 
are cases which are really proved to he true, and secondly that the cases which we 
believe to belong to the same category as those proved are really similar cases. 

If we apply this to our question as to specific or non-specific distinctness, it is 
evident that the conclusion of the diagnosticist can be correct only under the 
condition that the specific or non-specific distinctness of some forms is proved by 
experiment, and that he is so well acquainted with the morphology of the forms 
in question that he can with great probability of correctness decide whether the 
required similarity is actual or superficial. If in a given group of forms the 
specific distinctness of any form is not proved, we have to resort to a proved case 
in an allied group of forms ; of course, the more dissimilar the forms referred to 
for comparison are, the more it becomes probable that onr inference is not correct. 
In most cases it is, therefore, circumstantial evidence we have to judge lrom, and, 
as many an innocent man has been condemned by a competent judge on the ground 
of circumstantial evidence, we cannot very well expect to be always right in our 
judgment of the specific value of the differences of forms. Though the special 
evidence furnished by morphology and biology is to be carefully considered in every 
single case, there are nevertheless some general arguments which apply to a 
multitude of cases. The question as to specific identity or non-identity concerns first 
forms which occupy the same area, or whose areas overlap, and secondly forms 
which inhabit localities separated from one another by districts that are not in- 
habited, or not inhabitable, by them. 

We have above tried to show that a species can develop into more species only 
with the help of isolation of the varietal forms. If, therefore, two allied species are 
found to inhabit the same district, no matter whether the areas are totally or only 
partly the same, it is obvious that at a former period, when the species iu question 
were not yet so far advanced in divergent development, they must have occupied 
separate areas. From the fact of cohabitation (in a wide sense) the further inference 
must necessarily be drawn that the possibility of cohabitation without fusion is clue 
to the forms having become so divergent that they are indifferent to one another. 
The time which has elapsed since the two forms now living together became 
specifically different must therefore be much greater than that elapsed since the 
formation of the geographical representatives of those two species. If comparative 
anatomy and morphology are of any value as to the judgment of the pliylogeny of 
species, the morphological differences between a species and an ally which branched 
off at an early period must be greater than the differences between the same species 
and its younger geographical representative species, and still greater than the 
differences between the geographical forms of the species. If in a given case we 
have to decide whether A and Z>, which live together, are two different species, or 
two forms of one species, the morphological characters of .1 compared with those 
of B and the geographical representatives of B will have to guide ns in onr judgment. 
There are three possibilities resulting from the comparison. First, the morphological 
differences between A and B are greater than those between /> and its representa- 
tives; in this case A and Z> must be considered specifically distinct, until experiment 
proves the reverse. Secondly, the morphological differences between A and B are 
less great than those between B and any one of its representatives ; in this case 
A and B are specifically identical. Thirdly, the differences between A and B are 
equal iu morphological value to those between B and any one of its representatives ; 
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in this case -1 lias to he put in the same relation to B in which t hat respective 
representative stands to B, i.e. it must be considered eitlier as spccilicully different 
or as specifically identical with /i, according to the specific distinctness or non- 
distinctness of that representative. 

The same kind of evidence we may employ when wc have to come to a decision 
as to the >pecifie distinctness of geographically separated forms which are not 
connected by intergradations. But when that evidence is not conclusive enough, we 
may have recourse to the evidence furnished by the variation of the forms. Wc 
must accept, as a geueral Jaw that forms which are connected by all intergradations, 
or forms which overlap in characters, are specifically identical ; geographical form, 
agreeing with this law are, therefore, to be accepted as specifically nou-distinct. If 
we now compare the various organs of the species in respect to the effect which the 
causes of variation have upon them, wc shall find that a number of characters arc 
easily affected and show a variation between vide limits, while other characters 
remain comparatively constant. Organ a varies, for example, in species 1, as far as 
we know at the time, from ten to a hundred, while organ b varies only from thirty to 
thirty-five. Now if it is proved that in a number of allied species a similar difference in 
respect to the variability of the organs a and b takes place, wc can with great proba- 
bility of correctness conclude that a form B similar to A is specifically distinct from 
.1 if the character of the organ h is far outside the range of variation observed in A , 
and, on the other hand, that B is a form of the species A if the character of the 
organ b comes within the limits of variation observed in A, no matter whether A 
and B are very similar or very dissimilar in respect to the variable character of the 
organ «. 

As long as the special evidence docs not force us to conclude otherwise, the 
diagnostieist has to go by the following two general rules : — 

1. If is found that A and B stand iu a certain relation to one another (sexes, 
aberrations, seasonal forms, subspecies, species), and that the allied forms f and T> 
differ from one another iu a similar way as A docs from B , C and V) have to be 
put into the same relation to each other in which A stands to B. 

Illustration . — We know by breeding experiments that in Japan the spring brood 
of Papilio sarpedon is smaller and has a wider band than the summer broods ; iu 
North India we find an insect very similar to the Japanese one, and observe that in 
April and 3Iay a form flics which is small and has a wide band, and that later in the 
year all the specimens belong to another form which is somewhat larger and has a 
narrower baud : as in Japan the smaller and the larger forms are proved to be 
seasonal forms of one species, we arc logically bound to regard also the smaller and 
the larger forms in India as belonging to the spring and summer broods respectively 
of one species. A good number of allied Papilios show in India the same 
phenomenon ; specimens collected during the first half of the year are smaller and 
have wider bands than the specimens collected later on : tliongh it has not been 
proved by rearing that we have here actually to do with spring and summer forms, 
it would 1)0 illogical to regard the spring and summer specimens as specifically 
distinct. 

2. If it is found that A and B stand in a certain relation to one another, which 
relation is either proved by experiment or arrived at by general reasoning, a 
specimen or specimens differing from A and B in a similar way as A does from B 
have to be considered as a third form C standing in the same relation to A and B 
as A does to B , 
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Illustration. — The islands of Sanabawa, A lor, Wetter, Timor, Letti, the Tenimher 
Islands, North Australia, and the New Hebrides, are each inhabited by a subspecies 
of Papilio canopus ; the subspecies differ from one another in the shape of the 
hindwing, and in the extent, presence, and partial absence of the wing-markiugs. 
Lately Mr. Rothschild received a specimen of Papilio from the island of Sumba 
differing from the Samba wa and the A lor forms of can op as in a similar way as these 
do from one another and from the Timor form, namely in the partial absence 
and in the extent of the markings. The only logically possible way, accepted by 
Mr. Rothschild, was to treat the Sumba specimen also as a form of canopus. 

When the evidence leads to the conclusion that the differences exhibited by a 
number of specimens, or forms represented by specimens, are not specific, it is self' 
evideut that the various forms belong to one species. This species, then, consists of 
a number of different varieties, every single individual of which, however aberrant it 
may be, represents the species, and every single peculiarity of any individual is a 
peculiarity of the species : all the specimens of all the various forms taken together 
are u the species ” as opposed to every other species. The diagnosis of this species, 
which must not be confounded with the description of the species, is therefore a 
diagnosis of a sum of varieties ; and as a diagnosis is analogous to the definition of 
a term, it must contain all the distinguishing characters common to all the 
specimens, and hence must apply to each single specimen. Besides the specific 
distinguishing characters each variety has one or more characters of its own which 
form the diagnosis of each respective variety. The discovery of a new variety, 
which was hitherto unknown on account of the incompleteness of our knowledge, 
or which has sprung up in consequence of the area of the' species having recently 
become extended (Pieris rapae ab. loe. noi'angliao, for example), may necessitate an 
alteration of the diagnosis of the species to which the new variety belongs. As 
the forms diagnosticated for the sake of convenience are fixed by a name given 
to each of them, it is obvious that the only way logically possible to name a 
species and its subordinate components is to give a name of its own to the species, 
one to each subspecies as subordinate to the species, and one to each individual 
aberration as subordinate to the subspecies. Diagrammaticallv it can be illustrated 
thus : — 


Every individual forms together with other individuals a group characterised by 
a peculiarity not met with in the rest of the individuals, which, therefore, form 
another group (or more), termed here indicidwd aberration = ab. A number of 
individual aberrations are the components of a subspecies, and a number of sub- 
species the components of a species. Each specimen will require in this case a 
specific, a snbspecitie, and an aberrational name. In many eases, however, the 
nomenclature will become much simplified by aberratioual names being unnecessary, 
because the individuals do not vary to such an extent within a subspecies that 
aberrational names are required ; the simplification will he still greater when, 
besides the aberrational names, the subspceitic names are not required. In order 
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to avoid grave mistakes it is necessary that we insert he lore the aberrational name 
some sign to indicate that the name is meant lor an aberration. For, in species 
which do not vary according to locality we often have important individual variation, 
and therefore have to designate individuals with aberrant characters, besides by the 
generic name, by a specific and an aberrational name only, thus : Pa pilio gambrisius 
ab. abbreviates ; 7\ gambrism s abbrcciatus would have an entirely different and 
erroneous meaning. The abbreviations employed as a sign may be ab. for the 
nsnal individual aberration, ab. loc . for localised individual aberration, 6-ab. 
and 9-ab. for aberrations occurring only in ouc sex, $-/. for a constantly 
appearing form of polymorphic species, $-/*. loc . when the form is localised, 
gen. vertt. and pen. aest. for seasonal forms. In this way the various kinds of 
individual variation can he distinguished by the special sign employed, which 
would not be possible if the aberrational name were simply annexed to the sub- 
specific or specific name. 

Since the diagnosticist when describing a form very often does not know 
whether this form will ultimately tnrn out to he cospccific with other forms, or 
whether it is actually specifically distinct, and as, further, a great many forms have 
been diagnosticated as species which now arc known to be snbspecies (and the 
reverse), the question arises how the above system of nomenclature must be carried 
out. For the sake of simplicity we shall take into account solely a species with its 
subspecies ; then we have the following possible cases : — 

1. The first diagnosis and description arc so general that they apply very well 
to a certain species A, but do not give any character from which we could see which 
one of the subspecies 77 2 , IP) of A the author has had before him. In this case 
the name given by the author must be kept for the species .-I, and each subspecies 
requires another name. 

2. The first diagnosis and description apply to two or more forms (but not to 
all) which are now known to be subspecies of a certain species, and are so general 
that wc do not know whether the author had one or more forms before him. In this 
case again the first name must be employed for the species, and each subspecies 
requires another name. 

3. The diagnosis applies not lo one entire species A, but to one particular 
subspecies B l of A ; the other subspecies B 2 and 7> 3 of A either were not known to 
the respective author, or their specific identity with B l was not recognised by him. 
B l may be the first described of the three forms. Which name must be used for the 
species A ? Illustration : Linnd described the Amboina form of a beautiful insect 
under the name of Pa pilio priamus ; wc know now that this Amboina form is a 
subspecies of a species which ranges over nearly the whole of the Papuan region and 
has developed into several subspecies. Linne's name of priamus was given, not to 
the entire species, hut to one particular subspecies, and there is not the least doubt 
that this name must be kept to designate that particular subspecies. Now, how 
have we to call the entire species ? A short consideration of what a name is meant 
for and how systematists employ a name will give a satisfactory answer. A 
diagnosticist describes a species x from a number of individuals ; further researches 
show that the characters in the original description apply only to a certain number 
of specimens ; aberrant specimens arc found, and the result is that the original 
description of the species has to he largely modified ; but, in spite of this, the 
original name is kept for the species. Illustration : Liund’s description of Papilio 
podalirius does not apply to certain aberrations which occasionally occur among the 
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normal specimens : nevertheless we include these aberrations under Liune's name, 
and thus extend the meaning of the name. 

As the number of specimens at the disposal of the author is always compara- 
tively small, a name will, in consequence of further research, always cover a larger 
field than it did when first applied. If we keep this extension of the meaning of a 
name in view, it is obvious that the name of a certain form has to include all sub- 
sequently discovered forms which are specifically identical with the lirst form. 
Just as the name of Papilio podulirius comprises the so-called normal as well as 
the aberrational specimens, the name of Pap Mo priamus comprises the particular 
subspecies priamus described by Linne as well as all the more recently discovered 
forms called poseidou, euphorion , richmondius , etc., as the following diagram 
shows:— 


Pupi lio priamus 


l; 


prana t/tt) 
posn/lna, 
uphorion , 
etc. 


That is to say, the first name given to any member of a species is to be taken as the 
name of the entire species. The consequence is that the name of the species must 
be repeated when the respective component to which it originally was given is to be 
designated. Thus it might very often happen that a particular individual aberration 
had to be called after this pattern: Papilio poljtes poljtes ?-f. poljtes . The 
meaning of this name is exclusive and hence precise, and that is the highest praise 
we can give to a name : ?-f. poljtes shows that the female sex of the subspecies 
pobjtes is polymorphic, ?-f. pobjtes being co-ordinate to one or some other 
aberrations of that sex (?-f. cjrus , ?-f. r omul us) \ pobjtes ?-f. poljtes means that 
the particular female form was the first described ; pobjtes poljtes has again the 
meaning that the particular subspecies was the lirst described of all those which 
belong to the species pobjtes . 

A few illustrations will more especially show t lie convenience of this method of 
nomenclature. Boueard described one of those beautiful Central-Ameriean beetles 
which belong to the genus Plusiotis under the name of aurora ; the specimen has 
remained imiqne as far as we know, while many individuals have afterwards been 
found which, though specifically identical with the first-described specimen, dill'er 
from the latter very conspicuously in colour, being green instead of aurora-colour. 
The anrora-eoloured individual is apparently a so-called accidental aberration, while 
the green individuals are the normal (or morphologically typical) ones. According 
to the old style of nomenclature the two forms would have to stand as Plusiotis 
aurora (accidental aberration) and Plusiotis aurora ab. chrjsopedila (normal form). 
How absurd this kind of nomenclature is will easily be understood if we take, 
instead of these beetles, an albinistie specimen and normal individuals of a mammal 
or bird. Our method treats both forms as forms of one species, Plusiotis aurora 
ab. aurora and 77. aurora ab. chrjsopedila , the species aurora thus being composed 
of a normal form (ab. chrjsopedila) and an aberrant form (ab. aurora). 

A European moth of the genus Hepialus lias developed into two subspecies, one 
with c? aud $ nearly the same in colour (hethlandicas), and the other with and V 
very uifferent in colour (/tumuli); the lirst is said to be phylogenctieally the older 
form, and therefore represents morphologically the typical one of the two : the first 
described, however, is the sexuallv dimorphic form hamuli , and therefore the typical 
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oue in a nomenclatorial sense. Morphology ami nomenclature come into contest if 
we employ the old style of naming the forms, while the contest is entirely avoided 
by accepting our method, according to which the species Ilepictlus humuli comprises 
two forms, Ilepiulus humuli humuli and I lepial us humuli hcthlumfirus . 

A species of Pieris was described l>y Liund in 175S as Pieris no pi, while 
the Alpiue and boreal variety of it, which lias a different appearance, received 
in the name of Pier in bn/oniae. From the experiments with this insect 

carried out by Weismnnn and others, the inference lias been drawn * that bn/oniae is 
phylogeiietieally the older one of the two forms, and that, therefore, the species ought 
to hear the younger name of bn/oniae instead of t lie older name of no pi. As the 
meaning of Pieris napi var. bn/oniae. which is the name of the Alpine and boreal 
butterfly according to the old style of nomenclature, is that bn/oniae is a variety 
originated iu consequence of the variation of napi . an alteration is indeed necessary 
if the above interpretation of the experiments is correct, and thus evolutionists would 
have to play havoc with the names of all those numerous species of which a younger 
form happens to be described first. We have, however, endeavoured to show f that the 
species is represented neither by the white form napi , nor by the darker form bn/oniae , 
but is composed of napi and bn/oniae ; the species is not congruent with the 
anrestral form of the recent forms, but is congruent with the sum of the recent 
forms, and its name is, therefore, independent of* the name of that form which 
is supposed to be phylogenetically the oldest of the component forms. According 
to our method of nomenclature the name of the species in question would be 
Pieris napi , the name of the Alpine and boreal form P. napi hrgoniue. and that 
of the form inhabiting the rest of Central and Northern Europe P. napi napi. 
If in theoretical treatises it is necessary to distinguish nomenclatorial ly the oldest 
from the younger forms of a species, it could be done by adding (f. prim.) = forma 
primit/cnin , or some such sign, to the name — P. napi hnjoniae (f. prim.). 

The various points in these introductory notes have been very cursorily dealt 
with: but we are in hopes that the remarks, in spite of their shortness, will serve to 
oxplnin our interpretation of the facts of variation we are now going to bring before 
the reader. 

11.— THE VARIATION OF THE GENITAL ARMATURE OF 
CERTAIN PA PI LI OS. 

The prehensile organs situated round the orifice of the sexual system of insects 
have for about fifty years been made use of for diagnostic purposes, and it was. and 
is, a general belief that the genital armatnre is of such great constancy in every 
speeies that peculiarities exhibited by certain individuals in these internal 
ectodermal organs, and not found in other individuals which otherwise are very 
slightly different from those, are of specific value. As we have shown in the 
introduction that every individual lias its individual peculiarities, a slight dis- 
tinguishing character of an individual, besides t he sexual armature, can always be 
found, and therefore the above opinion leads practically to the assertion that 
a specimen with some kind of peculiarity in the sexual armature is specifically 
distinct from t lie specimens which do not have that peculiarity. Ou the other hand, 

* Weismann, Studies in the Theory ></ Descent I. London, 18S2. pp. 61 ff. 

t Com | mrc also I.orenz, Sitz.~ller.zool. hot . (res. Wien 1892. p. 17; Jordan, Nov. ZoOL. 1S9.>. p. 1*2 ; 
ILirtcrt, Ibis IS'JG. p. 363. 
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comparatively very few authors * have given expression to the opinion, not only 
that there is a certain amount of variability found in those organs, but that one 
can by no means rely upon them in the judgment of specific distinctness nr non- 
distinctness. During our researches on the Eastern Papiliosf we came across some 
striking cases of variability of the copnlatory organs which made it evident to us 
that the above assertion of an extensive variability was not tin* outcome of super- 
ficial research, and this induced the Honourable Walter Rothschild to charge me 
with investigations in the matter. As Mr. Rothschild knew from the study of 
the external characters of the Eastern Pupil ios that a decision about the specific 
distinctness of these variable insects with some certain degree of correctness could 
not be arrived at unless one bad ascertained with some probability of correctness 
the limits of individual variation of each form (no matter whether the form was 
described as species or variety), and hence iu order to come as nearly as possible 
to the knowledge of the limits of variation it was necessary to compare a great 
many specimens, he liberally put the long series of individuals of his collection at 
my disposal, and to this the results of our investigations are largely due. It seemed 
to us that in the first place the aim of our researches had to be to ascertain whether 
the alleged constancy of t lie genital armature was, at least in most species, real, 
especially as compared with the distinguishing characters derived from tin* wing- 
pattern. A little consideration, however, showed us that this was scarcely 
necessary. First, if we accept the statement that every specifically distinct form 
is to some degree different from the allied forms in the genital armature as 
beiug true, it by no means follows that the inverse is correct, namely that forms 
presenting in the sexual organs some differences from the allied forms are specifically 
distinct. Hence the proof of the variability of the organs in question would not 
imply that these organs are nseless for diagnostic purposes, though their taxonomic* 
value would certainly be lessened. Secondly, if two or more allied species arc* 
different in the sexual organs we have to conclude from the theory of evolution 
that the present differences are the outcome of divergent development of the 
allied species from a common ancestral species which itself had the sexual organs 
either different from all its descendant species, or from all but one : if we concede 
this, and all followers of Darwin have to do so, it is self-evident that the ancestral 
species mnst have been variable in tbe sexual armature. As, therefore, in the 
ancestors of onr present species the genital armature mnst lie assumed to have been 
so variable that the variation con Id lead to specific separation, we cannot lmt assume 
a priori that in all the species of the present which are in the state of diverging into 
varieties the genital organs must exhibit not only some variability, but also variation 
to such an extent that the genital characters of a certain variety could be increased 
by the factors of evolution and ultimately be transformed into specific characters, 
unless one tries to avoid these consequences either by abandoning evolution alto- 
gether, which would be acceptable, or by maintaining that evolution is not going 
on during the present epoch, which would be ridiculous. 

This consideration made it pretty clear to 11s that the more important part 
of onr investigations would have to be, not to prove the occurrence of variation 
of the organs in question, hut to ascertain the kind of variation, especially to 
accumulate Mich facts from which could be seen whether there is individual. 

* I’ere?, .!««. Soc. J'nt. /V. p. 71 (|S'J4) j Edwards, ('amid. Knt . p. •*><» 0 v 9t) Kol ji\ I'nt. Sadr 
p. 133 (ISM). 
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seasonal, and geographical polymorphism in the sexual armature. And if such 
variation he found, the next task would be to compare this variation with that 
of the external organs, especially with that of the wings, in order to see, first, 
whether the genital organs and the pattern of the wings were independent of one 
another in respect to their variation ; secondly, whether, in spite of this independ- 
ence, there are certain kinds of varieties which are characterised hv more or less 
constant peculiarities in the wing-pakern associated with, but not correlated to, 
peculiarities in the genital armature. As such varieties could easily be mistaken (in 
fact, have largely been mistaken) for distinct species, and hence would have the 
appearance of incipient species, and as, further, the divarication of a species can come 
about only by means of branching into subspecies, we could a priori expect to find 
such a combination of characters in geographical races or subspecies. 

As the present paper stands in close connection with the elassiiicatory investiga- 
tion on the Pnpilios we are carrying on, the researches here demonstrated are 
restricted to that group of insects ; and this we deem the more necessary, 
because the correctness of the results of such work depends to a great extent on 
t lie full acquaintance with the various forms dealt with. Though in a monograph 
of the Pnpilios all tin* forms of all the species must he taken into consideration, we 
have abstained from treating upon all the Palaearctic and ludo- Australian Pnpilios 
in this paper for the good reason that, as in every form at least all the more 
prominent varieties in the genital nnnatnre have to be described anil figured, 
the detail of the paper would be so immense that in consequence of the great 
amount of detail the single facts of variation would be much obscured. Hence we 
have thought it best to demonstrate the variation of the genital armature on a small 
number of species which have been so selected that they very well illustrate, first, 
flic amount of variation ; secondly, the kind of variation ; and thirdly, both t he 
amount and kind of variation within several, morphologically very different, groups 
of Papilio . 

As far as we know, systematists have, as regards Ary ml opt era, only made use of 
the male genital armature for diagnostic purposes. Salvin ~ mentions the presence 
of a kind of armature at the orifice of t he vagina, lmt has not succeeded, in conse- 
quence of an inadequate method of preparation, in bringing it forward for the 
purpose of classification. We first came across the vaginal armature when we 
studied the morphology of the abdomen of the Pnpilios with a view of discovering 
characters which could help us in coining to a decision about the extent of the genera 
into which the Pnpilios must be classified, and soon found out, on the one side, that 
the morphology of the abdomen of the females , including the vaginal armature, 
presents excellent generic characters to the systematist (compare PI. -XIX., f. W. 

I Vi), and. on the other side, that the detail of the structure was of the highest 
taxonomic value as to the delimitation of species. Therefore we have selected a few 
of the species examined to illustrate the pccnliar strnetnro and the variation of t he 
vaginal armature, and the form of the eighth abdominal segment. 

A . Mali-; Genital Akmatvre. 

The clasping apparatus of the male comprises three organs : (1) a dorsal hook 
called by Gnssc miea.s : (g) the lateral valves or elaspers, bearing on the inner side 
iidge<. teeth, and hooks called harpe\ and (tt) the sea phi am, which is situated 
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immediately below the antis and above the penis, and becomes visible when the 
valves are removed. The homology of these organs has been explained by l)r. 
Peytonreau in his work entitled Contribution a V etude tie In Morphologic. de. 
V Annum ginitule cles Imcctes * and we therefore refer the reader to that work : it is 
here sufficient to mention that Dr. Peytonreau comes to the result that the voice* 
are lateral wings to the ninth segment, which itself becomes visible only by 
dissection, and that the dorsal uncus and the ventral scuphium , between which the 
onus is fonud, represent the nnol or tenth segment : the penis, therefore. ha> its 
position between the ninth aud tenth segmeuts. 

The uncus , senphium , and the calve with the hurpe are of classilioatory value, 
aud if we intended to explain here the complete morphology of the genital armature 
of the Papilios we certainly should have to take all three organs as well as the penis 
into accouut ; merely for the sake of simplifying matters we have restricted unr notes 
almost to the mice and hurpe. 

The hurpe of the Papilios is a fold of the inner sheath of the valve partly raised 
to ridges, teeth, hooks, rod-like processes, etc., which are sometimes of rather a 
complicated structure. We have generally given a figure of the harpe and valve as 
they appear when viewed with the eye perpendicularly above the plane of the 
valve, while the figures representing the harpe or parts of it are so drawn that the 
planes of harpe and paper an 1 the same. Very much depends on the positiou in 
which the eye is to the harpe, if the comparative study of these organs is to be of 
any use ; a curved or twisted ridge or process appears very different when viewed 
under a different angle ; and hence we have endeavoured to represent the same organ 
of the various species and subspecies in the same position, so that a comparison of 
the figures gives an exact idea of the differences in the organs. 

1. Papilio machaon ; f f. 30 to 45. 

This species occurs nearly all over the Palaearctic Region, inclusive of China 
and Japan, and is found also on the Indian side of the Himalayas at higher 
elevations, as well as in the Neurotic Region. The lines of delimitation between the 
Old World forms of P. machuon are very difficult to draw, in fact cannot be drawn, 
as the forms overlap in characters. Tffe most remarkable varieties are the summer 
brood of the Japanese machaon , and the subspecies from the interior of Sikkim 
and the higher parts of \\ estern China. As we shall have to describe and figure the 
sexual armature of the various forms of 1\ machaon in another paper, we intro- 
duce the species here merely because it is the only British representative of the 
entire group, and therefore will enable the Rritish entomologist to verily our 
observations. 

The calve ol* P. machaon is of a triangular shape, and, though somewhat 
variable in outline according to the individual specimens, does not present any 
obvions differences in the specimens of the different, subspecies. 

The harpe is a longitudinal fold lying along the ventral margin of the valve ; 
it is distinctly raised and leans somewhat over dorsal ly. The basal half or so is 
rounded and simple, whereas the apical half is compressed, with the upper free edge 
denticulate, so that it resembles tin* blade of a saw (f. JO — 43, ventral view). The 
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the abdomen of insects, 
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basal, rod-like. portion either immediately runs out into the saw (f. 43), or lias to 
curve a little dorsal Iy to join the saw, the latter being a little more dorsal than 
tin* former: this variation is independent of locality. 

a. P . madmon jfarus from Great Britain. 

The denticulate portion of the Imrpe is generally longer than in madmon 
madman from Germany and in madmon sphprus from South Europe and Asia Elinor. 
F. 30. 40, and 41 are taken from three British specimens, and represent the amount 
of variation found by ns in our series. The proportion of the length of t he saw to 
the entire harpe is in the three specimens 10 : 30, la : 30, and 13 : 30 ; the variation 
in the length of the denticulate portion amounts therefore to almost bo per cent, 
of the length of the saw figured in f. 141. 

The uncus of the British specimens (f. 44, dorsal view) is nearly always slenderer 
than that of the (Nmtinental individuals (f. 4b), and agrees very well with t hat of 
the Japanese subspecies (spring and summer broods). 

1). P. ma da on madmon. 

In f. 4b the uncus of an individual from Switzerland is represented to show the 
divergence from f. 44. 

c. P. madman xp/tyrus. 

The harpe of this southern subspecies as well as the harpe of madmon machaon 
agrees on the whole with f. 40, but in some specimens from Asia Minor and 
Palestine the denticulate portion is remarkably short. F. 42 represents sin extreme, 
the proportion of saw to entire harpe being 11 : 30 : the saw is in this individual 
from Syria more than 7o per cent, shorter than in the British specimen represented 
by f. 39, an amount of variation which is higher than we anticipated. The harpe 
of a Palestine specimen, as drawn in 1*. 43, is abnormal in so far as the saw does 
rise gradually, not abruptly. 

d. P . nmdmon hippocrates from Japan. 

Besides the uncus mentioned before, we do not see any difference between the 
genital armature of this remarkable form and the European madmon. The spring 
and summer broods, though so conspicuously different in size and pattern, also do 
not exhibit, to our knowledge, any distinguishing character in the organs in question. 

As the swallow-tails found in the Wicken Fens, near Cambridge, are doubtless 
one species, the variation of the species in t he length of the denticulate portion of 
the harpe, or, in other words, of the prehensile part of the harpe, amounts to nearly 
b() per cent. As further tin* Syrian specimens do not differ in the wing-pattern so 
much from British specimens as in Germany and in Syria the individuals of the first 
brood very often differ from those of the second brood, and as a liuc of separation 
between the characters of British and Syrian specimens is altogether absent, we 
have also to admit that f. 39 and 42 are taken from the same species, i.e. that 
the variation of the prehensile organ amounts to 73 per cent. 

Our conclusions are : (1) The genital armature of madmon does not afford any 
characters by which tin* various geographical races, distinguished especially by 
differences in the wing-markings, can be constantly differentiated from one another. 
The harpe of the British form has. however, on the whole, the longest prehensile part, 
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while the specimens from Syria and Palestine have tiiat denticulated portion on an 
average shorter than specimens from England, Central Europe, Sikkim, China, and 
Japan : the uncus is thinner in nearly all British aud Japanese individuals than in 
must individuals from the interjacent countries. 

(2) The spring and summer broods are not different in the genital armature. 

(3) The prehensile portion of the liarpe varies considerably in length ; the 
amount of variation is 73 per cent. 

2. Papilio aegeus ; f. 1 to 11. 

According to the wiug-pattcru the species comprises a snbspecies inhabiting 
New Guinea and Arn (aegeus or me mis), another found in Australia (aegeus aegeus ) , 
a third inhabiting the Kei Islands (aegeus keianus), a fourth found on the Banda 
Islands (aegeus adrastus), aud a fifth is met with in New Britain ( aegeus 
bis mu rchia tins ) . 

Of these we could dissect very long series of the first two forms, while the males 
of the three other snbspecies we have not examined for want of sufficient material. 

I\ aegeus ormenus is in both sexes a very variable insect as regards colour, 
while the Australian form aegeus aegeus is rather constant in that respect. 

The mice (f. 1, seen from above) is of the usual triangular shape ; its ventri- 
apical angle is sometimes more, sometimes less rounded, regardless of locality as 
well as of wing-pattern. 

The hurpe lies as in P . niaehaon along the ventral edge of the valve, extending 
from the base to the apex ; it is a rather thin blade with the free upper edge sharp, 
but not conspicuously dentate, bearing ouly a line denticnlation at the projecting 
portious, and leans over dorsally. Before the middle it widens out triangularly to 
form the submedian projection, and its free apical portion is raised above the level 
of the margin of the valve and forms the apical projection. The length and form 
of these two projections vary individually and subspecifically. 

a. P. aegeus or menus; f. 1 to G. 

According to the development of the subapical white band of the forewing the 
•males belong to three varietal forms : d-ab. ormenus^ with the band complete on 
upper- and underside ; J-ab. pandion , with the spots of the band partly obliterated: 
cf-ab. othello , with the baud absent. The three forms occur together in the same 
locality and are connected by all intergradations. The variation of the sexual 
armature is entirely independent of that of the variation of the hand ; individuals 
of d-ab. othello are different inter sc, while some ot‘ them agree with certain speci- 
mens of d-ab. pandion or d-ab. ormenus , and so it is witli the latter aberrations. 
The following remarks, therefore, refer to every form of the male. 

E. 1 is taken from an individual from Dutch New Guinea (coast near the 
Arfak Mountains) ; in this perpeudicuhir view the apical projection of the liarpe, 
being more erect than the shorter submedian one, appears to be short. The harpe 
of the same individual is represented in f. 2 ; t ho submedian projection is broad and 
triangular, and differs obviously from the same projection off. 3 to 5, which are 
taken from individuals from the same locality and represent very well the amount 
of variation we have found in aegeus ormenus. In f. f> the submedian projection is 
very small, in f. 4 very high, in f 3 aud 4 much slenderer than in f. 2. A specimen 
(f. G) from Einsehhafen, German New Guinea, has the projection as broad as it is in 
f. 2, and nearly as high as it is in f. 4. The usual form of t ho projection met with 
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in most examples from ail parts of Now Guinea is that of f. 2 . The length of the 
projection varies about from 1 : 2. 

The free apical projection of the harpe varies iu a similar way in outline and 
height, as will he seen by comparing f. 2 to f> ; the extremes which came under our 
notice are shown in f. 4 and o, the length varying about from 2 : 3. The normal 
size of the apical projection is that off. 2. 

The specimens from British New Guinea, the D'Entrecasteaux Islands, and 
Woodlark Island have in theharpes no character by which we could distinguish them 
from the individuals trom Northern New Guinea. 

b. I\ acfjeu. s- aeqeus from Queensland ami New South Wales ; f. 7 to 11. 

Though the Australian form of aeqeus is in respect to the wing-pattern very 
constant as compared with aeqeus or mentis the variation in the genital armature is 
just as great as in the New Guinean subspecies. The male corresponds in the 
pattern of the lbrewing to aeqeus or mentis <J-ab. ormenus. 

The commonest forms of the submedian projection met with arc. shown in 
f. and 11; on the whole, the basal edge of the projection is more vertical than 
in act ft' us ormenus , but this does not apply to every specimen ; the character is 
especially often obvious in the individuals from New South Wales and ►southern 
Queensland. The apical projection is iu a few examples a little higher than in 
aeqeus or Menus. F. 7 and 6 are taken from two specimens from ("aims, North 
Queensland ; f. \) represents an individual from Cedar Bay, thirty miles south of 
Cooktown ; f. lo. with an abnormally high and slender submedian projection, is 
taken from a Queensland individual without exact locality, while f. 11 represents 
a New South Wales individual. The variation in the length of the submedian pro- 
jection is in this selected series not so great as in f. 2 to 0, as we did not iind an 
individual in which the submedian projection was as feebly developed as in f. 7>. 

The importance of the differences exhibited in f. 2 to 11 will at once become 
obvious when we compare the harpes of the two nearest allied species. 

3. Papilio inopinatus ; f. 12. 

l\ aetfcus is on the Tenimher Islauds represented by an insect which is 
comparatively very constant in external characters, and is in colour and pattern 
always separated from P. aeqeus by a wide gap. Though t lie absence <»f inter- 
mediate specimens is not a proof that the Tenimher insect named inopinatus is 
specifically distinct from 1\ aeqeus, we have to treat inopinatus as a species for the 
following reasons : the external differences between inopinatus and aeqeus are greater 
than, or as great as, the differences between the relative forms which are regarded 
as distinct species; if lotri and maqo arc kept separate from memnon — rumanzo - 
rius, deip/tonfes, and tleipqlus as distinct from deipkobus — qambrisius specifically 
separate from aeqeus , then inopinatus is likewise to he treated as a distinct species. 
Further, the variation within t lie male sex of P. aeqeus from New Guinea, 
Australia, Am, Kei, and Banda Islands takes place between such limits that the 
diflerencc between the extremes is not so great as that between aeqeus and 
inopinatus ; the same applies to the variation of that female form of or men us which 
corresponds lo the female of inopinatus . 

Thus we think it fairly safe to consider inopinatus speeitically distinct. The 
evidence is to some extent corroborated by t lie difference exhibited by the harpe. e 
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have examined only a few individuals, all of which have the median thin portion of 
the harpe (f. 12) longer than it is in ueyeus, especially than we found it to be in 
ueyeus onitenus ; the suhmediaii projection is broad and low, and the apical pro- 
jection is likewise shorter than in (toy cus. A comparison off. 2 to 11 with 12 
evidently shows, however, that the distinguishing points in the harpe of inopinutus 
are of much less weight in the judgment of the specific, distinctness of the iusect 
than the external features ; the difference between f. 4 and 5 and f. S and 11 is far 
greater than that between f. 12 (inopinutus) and s or *4 {ueyeus ). 


4. Papilio tydeus ; f. 14 to 10. 

This is the representative species of (tcyrtts on the Northern Moluccas ; the 
same reasons which induce us to treat inopinutus as specifically distinct apply also 
to this insect. The external differences from ueyeus are in tydeus not <piite so great 
as in inopinutus ; in opposition to this the harpe of tydeus differs much more widely 
from that of u eye us. The elasper or valve of tydeus (f. 10) is larger than that of 
ueyeus , and the harpe therefore longer. The submedian and apical project ions 
of the harpe are more bent over dorsally, as will be seen by comparing f. 1 and 10. 
The submedian projection is broad and high, and the apical one is conspicuously 
higher and more erect than in the allies. 

We have examined four individuals from Halmaheira and three from Batjan ; 
there is no localised difference in the harpe of tydeus . F. 14, 14, and 10 are taken 
from Halmaheira individuals; f. 10 represents the harpe of one of the Batjan 
specimens. The variation in the form and length of the projections is obvious ; tlu* 
apical projection in f. 10 is almost half as broad again as that in f. 14. 

The facts here illustrated are as follows : — 

(1) The variation of the pattern of the wings of P. ueyeus onnenits is entirely 
independent of the variation of the harpe. 

(2) The difference in the harpes of neyeus onnenus and ueyeus aeyetts is very 
slight and applies only to scarcely half of the number of specimens examined. 

(4) 1\ inopinutus, though in external characters very different from ueyeus, 
exhibits in the harpe only a slight, but according to t lie specimens examined rather 
constaut, difference from ueyeus. 

(4) P. tydeus , which -is in colour and pattern separated from ueyeus by a less 
wide gap, lias the harpe in all the specimens examined conspicuously different from 
that of ueyeus and inopinutus. 

(f>) If we take the length of the harpe = 1 1 Mi, the projections measured from 
the plane of the valve to the tip of the projections vary in length as follows : — 

P. a eg e us : snbmedian projection from 1& to 44; apical projection from 44 to 4.>, 

/\ inopinutus ,, „ „ 1* ; ,, ,, ,, 42. 

P. tydeus „ ,, ,, 40 to 43 ; ,, ,, ,, 51 to 04. 

Or, in ueyeus the variation of the submedian projection amounts to f>r» per cent, of 
the length of longest snbmedian projection observed, while the variation of the 
apical projection is 27 per cent. 

((•>) P. ueyeus and tydeus differ somewhat in the size mid outline of the valve. 
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A Papilio polytes ; f. IT to 37. 

The turtle sex of this insect is in tbe pattern of the wing not very variable, while 
t lie female exhibits a very great amount of individual and loeal variation. The 
species ranges in a good mini her of subspecies over the Indian and Malayan Sub- 
regions, and goes as far as tbe Moluccas; in New (Juiuea, t lie Arn Islands, 
(jneenslaml, and the islands farther east it is represented by P. runhrtx an 1 P. 

I > best as respect ively. 

The retire is more or less triangular (f. 17 and 31), and varies individually. 
The Itarpe lias the same yosition as in P. a eye as ; it is a ventral longitudinal fold; the 
basal half (or so) is stick-like, while the apical portion is abruptly raised into a thin 
blade, which leans over dorsally so that its ventral snrfaee is visible when the valve 
is viewed with the eye above the plane of the valve (as in f. 17 and 31); the 
liarpe thus lias the appearance of a hatchet; the upper free edge of the blade is very 
finely denticulate; the tip of the blade projects free for a short distance, and is some- 
what curved dorsally, ofteu forming a blunt book. The outline of the liarpe varies 
according to locality and to the individual specimen. 

a. P. polyte s polytes from X.W. India to Malacca. Nahum Islands. Tonkiu; 
f. IT to 

The blade of the liarpe is highest near its basal (subperpemlicular) edge, 
where it is slightly angnlate : a second, more distinct, angle is formed just before 
the edge slopes down towards the apex of the liarpe. The apex is scarcely produced 
or very slightly so. The degree of variation found by us in the specimens from 
< Continental India is represented by f. 1* to 21. 

The form of the liarpe as shown in f. Is is that found in most .specimens ; the 
figure is taken from a Knmaon individual (caught in June 1*93). The blade of the 
liarpe of the individual from Raukipore (captured 31 arch 20th, 1M>3) (f. iO) j s 
much less steep bnsnlly than usual, its dorsal edge being much reduced in length ; 
the two angles are conspicuous. The two Rnrniese (Hussein) examples from which 
f. 20 and 21 are drawn are especially remarkable for (he development of t lie free 
apical projection. 

In external feat n res P. polytes from the Xatuna Islands (between Malacca and 
Romeo) forms a transition from polytes polytes to pob/tes these its. From a long 

scries of individuals examined (captured by A. Everett in September and October 
1*93) the three most dillerent harpes are here figured (f 24, 27>, 20); the blade 
agrees very well in shape with that of Indian individuals. The thin ear inn running 
from the upper edge of the handle of the liarpe along t he base of the blade varies 
from being absent to being well marked. 

1). 1\ polytes borealis from China. 

AH the specimens examined agree in the harpes with polytes polytes . The 
individuals of the interesting variety P. polytes borealis <J-ab. thibetanus , in which 
the white diseal markings of the hindwing arc partly obliterated, also do not exhibit 
any peculiarity in the genital armature. 

As said in Mr. Rothschild's Revision of the Eastern Fapilios, the specimens of 
/*■ pobftes from t lie Lou Chon Islands (south of Japan) stand intermediate in pattern 
between P. polytes bonalis ami the Malayan P. polytes theseus. The liarpe of t lie 
Loo Choo polytes is in so lar remarkable that it d tilers from (Ik* liarpe of polytes 
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pob/tes anti poljtes theseus in being (in individuals of* e<pial size) larger (f. 22 and 
23); the angles of the blade are less prominent than in poljtes poljtes, by which 
character it leads over t<> P. poljtes the sc us (f. 2 n). 

c. P. poljtes nihobfrrus from the Nicobars and Andamans ; f. 27. 

We have now received more material from these islands, and find that pobjtes 
nihohnvus can very well be kept separate from pobjtes pobjtes , as the greater pro- 
portion of the specimens from the Andaman and Nicobar Islands are somewhat 
different from pobjtes pobjtes . The liarpe confirms this opinion : the outline of its 
blade is more rounded (f. 27), not exhibiting the two angles found in pobjtes pobjtes 
(f. 18), and resembles somewhat that of L\ poljtes the sens from Java (f. 20), except 
in the apex being obviously truncate. 

d. P. pobjtes theseus from the larger and lesser Snuda Jslauds; f. 28 to 30. 

This subspecies differs in the male from P. pobjtes pobjtes in being generally 

smaller and in having the tail to the hindwing more or less obliterated. The liarpe 
of ]\ poljtes theseus is distinguished from that of pobjtes pobjtes by being in the 
blade absolutely longer, less raised, much more eveuly rounded, and by the apex 
being more pointed. 

Sumatra and Borneo individuals have the blade shorter and higher than Java 
examples, and hence lead over to pob/tes jtotjtes ; f. 2s is taken from a small 
example from the Kina Balu (North Borneo). Timor specimens agree generally 
with the Javan individuals in the form of the harpe; f. 30. however, is aberrant 
in having the second angle of the edge of the blade faintly marked and the apex 
distinctly truncate in a ventral view. 

e. P. poljtes alcindor from Celebes and Saleyer; f. 34. 

The female of this subspecies is very aberrant, the male much less so. The 
male has one character in common with P. poljtes poljtes and J\ poljtes theseus , 
namely the presence of blue scales on the underside of the hind wing outside the 
macular white band, which scales are absent from the subspecies dying on the 
Philippine and Mulucean Islands. So insignificant as this character is, it becomes 
interesting when we see that the harpe of j>ob/tes alcindor (f. 34) comes closer in 
outline to that of poljtes poljtes (compare f. 25) than to that of poljtes alpkenor 
from the Sulla Islands (f. 33) or from the Philippines (f. 32). We observe, however, 
that the tip of harpe of poljtes alcindor (f. 34), tliongh short, is visibly curved 
upwards in a similar way as in poljtes alphenor . 

f. V. jjoljtes perrersns from the islands of Saugir and Talaut; f. 35. 

In external features this form combines to a certain extent in the male the 
characters of poljtes alcindor ((glebes) and pob/tes nicanor (llalmaheira). Flic 
harpe comes nearest to that of alciudor\ has the tip, however, a little more hook- 
shaped. 

g. V. poljtes nlphenor from the Philippine Islands (inclusive of Palawan), the 
Sulla Islands, and the Southern Moluccas; f. 31 to 33. 

The males from these various islands agree very well witli one another in 
external characters ; the polymorphic females, however, arc partly different accord- 
ing to locality, thns showing that t lie insect is on the way to develop into several 
local races. The harpes of the males arc, according to locality, slightly different. 
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In all t lie specimens examined the blade of the harpe is conspicuously longer 
and slenderer tlian in all the other subspecies of J\ poljtes, and reaches close to the 
apical margin of t he valve (f. 31, taken from a Mindoro example); the narrow 
apical portion is especially long, and often rather strongly hook-shaped, the hook 
projecting above the level of t he raised vent ri-aj deal edge of the valve. 

The harpe of the average example from the Philippines is represented in f. 32; 
it has a very different appearance from the harpe represented in f. is to 20, while 
the difference between f. 32 and 20 is less conspicuous: tin* variation of the Philippine 
examples takes place in such a direction that some individuals approach f. 35. 

Of the males from the Sulla Islands Mr. Rothschild says that they are not 
exactly identical with the Philippine alphenor in wing-pattern, but approach a little 
P. poljtes j*errersus. The Iiarpes of the Sulla males (f. 33) are, on the contrary, 
still slenderer than in Philippine alp/tenor, tbns indicating that a relationship in 
wing-pattern is not necessarily corroborated by the development of the genital 
armature. 

From the Southern Moluccas we had unfortunately only one individual at our 
disposal ; the harpe of this specimen is shaped nearly as in poljtes perrersus 
(f. 35). 

In the harpes, therefore, the males of alpheuor from the three localities 
(Philippine Islands, Sulla Islands, and Southern Moluccas) .are fairly well distin- 
guishable, though there is no distinct line of separation. 

h. P. poljtes nicanor from Halmaheira and Batjan; f. 30. 

The blade of the harpe is much higher than in poljtes alphenor , and in tins 
respect nicanor comes nearest to the Indiau pohjtes pohjtes \ the apex of the harpe is 
produced, nearly as in alphenor . F. 36 is taken from a Halmaheira individual. 

6. Papilio ambrax ; f. 37 and 39. 

The outline of the valve (f. 3s) of this species varies individually. The harpe 
is generally formed as in f. 37, hut is sometimes somewhat slenderer and at the 
apex less hooked. 

We merely give the two figures ot the valve and harpe of ail ambrax individual 
(from German New Guinea) in order to enable the reader to compare them witli 
f. lM to 30. The differences between f. 37 ( ambrax ) and 36 or 34 (pohjtes), 
belonging to two species, are not so conspicuous as the divergency exhibited by 
various harpes within the species pohjtes. 

The facts of variation observed in P. pohjtes are as follows : — 

(1) The valve is variable in the individual specimens, but does not exhibit in 
the specimens examined any obvious variation according to locality. 

(2) The conspicuous individual aberration P. pohjtes borealis cJ -sib. thibetanus 
lias no peculiarity in the genital armature. 

(3) The individual variation in the blade of the bar] >e of the individuals from India 
is such (f. b's and 16) that the extremes stand further apart than many individuals of 
pohjtes poljtes do from many individuals of poljtes theseus. 

(4) The harpe ot' poljtes theseus from Java and the lesser Snnda Islands is well 
distinguished from that of the Indian poljtes poljtes, hilt there is no parting line 
on account of the intermediate form of the harpe of poljtes theseus from Borneo 
and Sumatra. 
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(5) ( Vrtain Timor individuals of polytes these us come in the harpe (f. 30) 
very near polytes per remits fnnn Sangir and Talant (f. 35), and this again is very 
close to polytes aleindor from Celebes (T. 34). 

(3) The harpe of polytes alphenor limn the Philippine and ►Sulla Islands is in 
the height of the blade nearer related to polytes the sens from Java and the lesser 
Sunda Islands than to polytes theseus from Borneo and aleindor from Celebes, 
which subspecies are geographically the nearest to alphenor ; while, on the other 
hand, the apex of the harpe is in all the subspecies inhabiting Celebes, the 
Philippines, Sangir and Talant, the Sulla Islands, and the Moluccas, somewhat 
curved upwards (and towards the dorsal margin of the valve), and not turned up, or 
rarely so, in polytes theseus . 

(7) The subspecies most conspicuously different in the harpe is }\ polytes 
alphenor , while the subspecies most conspicuously different in the shape and pattern 
of the wing is P. polytes nicanor . 

7. Papilio euchenor; f. 51 to 04. 

This insect is purely Papnau, being found in Xew Guinea, the Am and Kei 
Islands, the D'Entrecasteaux Islands, Woodlark Island, and on Xew Britain and New 
Ireland; it has no near relative. Up to ls05 the specimens from these various 
localities had been treated as identical; Mr. Rothschild in his Revision found, 
however, that the individuals in his collection from the Bismarck Archipelago are 
in both sexes conspicuously different from the Xew Guinea specimens, and that, on 
the other side, the individuals from Arn are in the female sex, not in the mule , also 
constantly different as far as the great material examined can he taken as furnishing 
a proof of a constancy of distinction. Lately, Air. Rothschild observed, moreover, 
that the specimens from Xew Ireland are again in both sexes distinguishable from 
the individuals from Xew Britain ; so that there are four well recognisable forms, 
to which is to be added a fifth from Woodlark Island * described as a distinct 
species some forty years ago, but scarcely different in the 6 in external features 
from the Xew Guinea form. The question is now, are the five forms one species, 
or do they belong to more species ? An answer is in this case extremely difficult to 
give ; first, because euchenor stands quite isolated amougst the Indo- Australian 
Papilios, and thus does not allow ns to compare the distinguishing characters of 
other forms assumed, or proved, to lie specifically distinct ; secondly, because the 
main portion of Xew Britain, which geographically is nearest to Xew Guinea and 
hence may perhaps be inhabited by an euchenor form intermediate between the 
Xew Guinea form and the Xew Britain form, is entomolngically an entire blank, all 
the specimens received from Xew Britain being caught in tin* north-east of the 
island. The external characters of the various forms, however, allow us to set at 
rest the question ; as obsolescent from Arn and Kei, and godarti from Woodlark, 
are in the male not always distinguishable from euchenor from Xew Gninea, these 
three forms have to be treated as subspecies of one species (the name of which is 
euchenor). 

The two forms from the Bismarck Archipelago, depilis from Xew Britain and 
noeohibermeus from Xew Ireland, have several conspicuous characters in common 
by which they are differentiated from euchenor euchenor, euchenor obsolescense and 
euchenor yodarti , while the differences between de pills and novohibermeus are 

■ And perhaps a sixth from the l >'Knt recast uaux Islands. 
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quantitatively much slighter; lienee depilis and novohibernicus must (on the ground 
of external features) he considered a* nearer related to one another than to the other 
eachenor forms. As in the present paper it is onr purpose to demonstrate the 
variation of the genital armature within the limits of a species, and as therefore we 
have to avoid, as far as possible, any error as to the actual specific identity of the 
forms included by 11 s in t lie limits of a respective species, we will, merely for the 
sake of being on the safe side, assume that depilis is a species distinct from eachenor . 
The external characters by which novohibernicus is distinguished from depilis are 
found in every specimen of our short series : if, therefore, the constant presence of 
a distinguishing character is considered sufficient to make the respective form 
specifically distinct (as some naturalists do), norohibernicus is also a distinct species- 
However, the distinguishing characters of novohibernicus amount quantitatively not to 
more — about the qualitative amount of these characters we know nothing — than the 
differences do which are observed between New Guinea individuals, differences 
in t lie extent of the yellow markings which are not thought to indicate any- 
thing else hut individual variability within the same species ; consequently we 
must a>>iune that the differences between the individuals from New Britain and 
those from New Ireland being quantitatively the same are also qualitatively the 
same, i.e. do not indicate more than divergency of individuals of the same species. 
Heuce the characters distinguishing depilis and not' oh ibe micas must correctly be 
considered as* not being of specific value. The various forms in question are 
therefore to he grouped as follows : — 


1 . 

o 


P. eachenor 
P. depilis 


{ eachenor ; New Guinea and islands near 
(jodarti : Woodlark Island. 
obsolescent ; Am and Kei Islands. 

( depilis ; New Britain. 

| novohibernicus ; New Ireland. 


it. 


The genital armature of the five forms is in accordance with t his division. 

The valve of P. eachenor (f. 51) is very large, strongly convex outwardly, with 
the apical margin rounded, t he ventrt-apical angle not being triangularly produced as 
in P. aegeus and most other species ; it exhibits some individual variability in the 
outline, especially in the vent ri-apieal portion. The armature of the valve consists 
of a fold miming along the ventral margin of the valve in a slightly oblique 
direction, turning near the apex round towards the dorsal edge of the valve, running 
from here as a t hi 11 fold backwards to the base, first in a directly basal, then in a 
dorso-veiitral direction, and thus returning to the starting-point ; from the basal 
dorso-vciitral portion an oblique fold (f. 51, <l) starts, traverses the (concave) 
valve, and widening out joins the ventral longitudinal ridge. The ventral portion is 
raised into a ridge, armed at both ends with a process, of which the first (c) is here 
called “basal hook/' the second (/>) “ ventrt-apical hook tin 1 basal ridge loans over 
centrally, so that in a view perpendicular to the valve the dorsal surface of the ridge 
is visible (as in t’. 51); it is highest near the basal hook (f. 5“) ; the outline is 
not constant. The ventri-apical hook is directed in a basi-apienl direction leaning 
over ventral ly, with the tip protruding above the elevated edge of the valve. The 
vertical, ventri-dorsal, portion of the fold is less high than the ventral ridge, thinner 
and denticulate ; it leans over npicallv, so that in a perpendicular view the basal 
surface of the ridge is visible : at the dorsal end it is produced into a slender 
and very sharp hook (a), the “dorsal hook,” which is curved in an apici-ventral 
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direction; just underneath the hook the ridge is highest ; the number of teeth is 
variable. 

The variation according to locality affects especially the length of the longi- 
tudinal (ventral) and the ventri-dorsal ridges, their outline and armature, and the 
height of the oblique fold. 

a. P, cuchenor e ache nor \ f. 51 to 54, 50 to 6i. 

The variation noticed by ns in the ventral ridge of New Guinea individuals is 
represented in views from the dorsal side in f. 52 to 54. The usual form of the 
ridge is given in f. 52, taken from an example from ( ’onstantinhafen, .German 
New Guinea (f. 51 is taken from the same individual). In f. 53, representing a 
specimen from the same locality, the ridge is very high in the basal third and then 
rather suddenly diminishes in height ; and in f. 54, taken from a specimen from 
Simbang, near Finsckhafen, II non Golfe, the abruptly raised basal portion is rather 
augnlafe. 

Onr specimens from the D'Entrecasteaux group of islands, east of New Guinea, 
as well as those from Waigen, west of New Guinea, come in respect to the ventral 
ridge within the limits of variation as illustrated by f. 52, 53, 54. All the 
specimens have the angle formed by the sudden break in the outline of the ridge 
produced into the beak-like basal hook. 

The vertical (ventri-dorsal) ridge is represented separate from the ventral ridge 
in order to be able to give the exact outline; f. 50, on, 61, are taken from the 
same individuals as f. 52, 53, o4 respectively. As f. 50 to 61 are drawn from 
a basal view of the ridge, the ventri-apieal book (//) has a different appearance from 
that in f. 52 to 54. 

The higher dorsal (left-hand side in figure) portion of the ridge is dentate: 
just at the. highest point, or close to it, stands nearly always a stronger tooth, which 
in f. 59, however, is obsolete. The specimens from the D'Entrecasteaux Islands 
have nearly all the ridge toothed similarly to f. 61, a character which becomes 
more obvious in the individuals from Woodlark Island. The interesting aberration 
from Jobi Island, P. cache nor cuchenor ah. rutro/rius, does nut present any peculiarity 
in the valval armature. 

1). P. cuchenor yodarti ; f. 5N 

We have examined three specimens of this form, which is all known to exist in 
collections, except Montronzier’s type-specimen which is perhaps (? I) preserved in the 
Paris Museum. The only distinguishing character in the valve and its armature 
found in all three individuals concerns the oblique fold (V/). which is higher than in 
either cuchenor obsolcsccns or cuchenor curhcnor\ the valval cavity before and behind 
the fold is consequently deeper. The ventral and ventri-dorsal ridges are not con- 
stantly different from those of the New Guiuea individuals : the dentition oi the 
vertical fold is, however, in all three examples rather plentiful. The more aberrant 
liarpe of the three is represented by f. 5s and 64 ; the ventral ridge (f. 5.v is 
distinguished by the long basal and relatively short ventri-apieal book, and by the 
upper edge of the ridge being feebly and widely Insinuate ; the ventri-dorsal ridge 
is multidentate. 

c. P . cuchenor obsolescent ; f. 55, 56, 57, and 02, 63. 64. 

In Arn individuals the ventral (longitudinal) ridge is somewhat shorter than in 
cuchenor cuchenor , and the vertical ridge accordingly longer, as will he seen by 
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comparing f. 55, 50, and 02, 03, with t*. 52 to 54 and 50, GO respectively. In 
outline the longitudinal ridge is on the whole not different from that of New Guinea 
examples, but the usual form of the ridge is not that represented in f. 5G, which 
is similar to f. 52, reju’esenting the usual form of the ridge iu euehenor euehenor. 
but a form resembling f. 55. In the latter figure there is an additional tooth upon 
the crown of the basal dilatation of the ridge, which we have seen only in this one 
individual. The ventri-apieal hook is in the specimens examined shorter than in 
euehenor niche nor. The vertical ridge (f 02 and 03) shows a certain amount of 
variability in the dentition. The ventri-apicul hook appears to he somewhat more 
curved towards the right-hand side than in f. 59 to 01 ; this is due to the hook 
being more erect than iu euchcnor euchcnor. less leaning over ventrally and apicalh. 

From the Ivei Islands three individuals have been examined which, in external 
features, do not exhibit obvious differences from the Aru specimens in the Tring 
Museum. The harpe presents, however, in the three examples some slight distin- 
guishing characters. The longitudinal ridge is (f. 57) still shorter than in Aru 
individuals, the ventri-apieal hook stands still more erect to the plane of the valve 
and the upper edge of t lie ventral ridge (as will be seen both from f. 57 and 
f. 04), and the vertical ridge (f. 04) is provided with many strong teeth. 

8. Papilio depilis ; f. 05 to 71. 

The wire is ventrally a little more rounded than in V. euehenor , hut this 
character is not constant. The armature of the valve (f. 05) is, however, obviously 
different. A comparison of f. 51 and 05 will show that the valves with the 
armature are in both species closely related ; there are the same folds, ridges, and 
hooks in depths which we have found iu euehenor, but the organs have differently 
developed. The ventral (longitudinal) and apical (vertical) ridges of euchcnor 
stand in depths both so oblique that the angle formed by them in euchcnor has 
almost disappeared. The ventri-apicul hook does not lean over to the veutri-apical side 
of the valve, but. to the dorsal side, so that the point of the hook will in depths meet 
iu copulation <jnitc a different spot in the vaginal region of the jemnle than iu 
euehenor. The dentate vertical ridge is much shorter (f. 7<>, 71), sinuate in or 
near the middle, with the two higher parts at the side of the sinus dentate. The 
oblitpie fold (d) joins t lie ventral ridge near the apex (f. 00 to 09), not in t he 
middle as in f. 52 to 5S, and is hasally not rounded but strongly compressed. 

a. P. depths depths ; f. 05 to 07, and 70. 

The ventral ridge is throughout its length very high; its outline is variable. 
In f. GO the upper edge of the ridge is undulate; the basal angle (c) is without 
the beak-like hook found in every specimen of euehenor. In a second individual 
(f. 07) the basal hook is indicated by a very minute tooth: iu the middle the 
ridge is triangularly dilated. In a third specimen (not figured) the ridge is again 
without the basal hook, and is in the middle also higher than at the basal angle, 
but not so triangularly dilated as in the second example. 

The vcntri-dorsul dentate ridge (f. 70) leans strongly over tef the apical 
side of the valve, and hence appears less high than in euehenor , lmt there arc 
specimens of euehenor which in this respect are scarcely different from depths. 
Besides the dorsal hook ((f) there are three longer subdorsal and two smaller Mib- 
veutral teeth separated by a sinus; in a second specimen thej'C teeth are all obsolete, 
while in a third only two are present. 
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b. P. de pills norohihernicns ; f. (3s, f>9, ami Tl. 

The harpe is very slightly different from that of depills d spills ; the portion of 
the ventral ridge which is produced into the ventri-apical hook forms a slight angle 
with the basal portion of the ridge, being a little more curved dorsal ly than in 
depllis depth's; the vertical dentate ridge is shorter than in that subspecies. 

In three out of four examples the ventral ridge is highest beyond the middle, 
as in f. f»8 and 09 ; while in the fourth specimen the dilatation takes place before 
the middle in a somewhat similar way as in f. 53. The basal hook (c) is in f. OS 
scarcely indicated; in f. Os it is as strong as in many enehenor. The dorsal ridge is 
generally shaped as in f. 71, bnt the teeth are sometimes much feebler than »n 
the figure. 

The facts of variation illustrated bv f. 51 to 71 are as follows : — 

(1) In t he two closely allied species P. enehenor and P. <lepllls the armature of 
the valve is built up after exactly the same plan, but in the detail of structure there 
are conspieuons differences. 

(2) The subspecies of enehenor from New Guinea and that from Woodlark 
present in the specimens examined no constant difference except in the oblique fold 
(c/) ; the subspecies from Arn is so slightly different that the distinguishing 
character is scarcely noticeable if one does not compare several specimens; the Kei 
Island individuals are more obviously different than the Aril speeimeus (and represent 
probably another local form). The two subspecies of dejnlls are, according to the 
seven specimens examined, slightly different in the male genital armature. 

(3) The individual variation within each subspecies is such that the differences 
between the harpes of several individuals from the same place (and hence most 
certainly belonging to the same species) are more obvious than those of the 
subspecies inter sc. 

(4) The only specimen kuowu of the aberration P. enehenor enehenor ub. 
entropius , which is abnormal in the pattern of the fore wing, does not present any 
peculiarity in the genital armature. 

9. Papilio cloanthus ; f. 149 to 155. 

The range of this insect is rather widely interrupted, the species being found all 
over North India, Upper Burma, and Central and Western China, and again in the 
mountainous regions of N.E. Sumatra; from the mountains of Malacca, Tenasserim, 
and Siam P . cloanthus is not known. The external features of the specimens from 
the various localities are such that we can group the individuals according to 
locality in three forms: an Indian, a Chinese, and a Sumatran form. The first, two 
are not always distinguishable in pattern, and lienee are certainly not specifically 
distinct from one another. The Sumatran specimens, at least all individuals of our 
long series (forty odd examples), are constantly different in the colour and extent 
of the markings; the divergency from Indian specimens is, however, not very con- 
spicuous, which will be admitted if we call to miud that de Xicdville* especially 
says that the Sumatran insect is “ identical ” with the Indian one. As the minute- 
ness of the distinguishing characters of the insect is, according to what has been 
said in the introductory notes, a priori no objection to the constantly found charac- 
ters being of specific value, there must be other reasons brought forward which 
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force us to treat the Sumatran form not as a separate species. North Indian 
cloanthus occur in several broods; t he individuals of the spring and tlmse of the 
summer broods are in the extent of the markings rather obviously different, and 
this proves that the species is in pattern easily modified by the transmuting 
factors; the extreme individuals of the spring brood differ in the extent of the 
markings more from the extreme examples of the summer brood than certain Indian 
individuals do from certain Sumatran ones. Further, the differences of certain 
< diincsc specimens from Indian individuals are quantitatively greater than those 
between Indian and Sumatran examples. Hence it is correct to accept 31 r. 
Rothschild's opinion* and to treat the three insects in question as three subspecies 
of P. cl 0*i nth us. 

The valve (f. 14b) of l\ cloanthus is, as in all (he allied species, rather small; 
at the apex it is deeply sinuate. The sinus divides the apical third of the valve 
in a smaller dorsal lobe {b) and a larger ventral lobe (rz). The ventral edge of the 
valve is ungulate (/), and from this angle to the tip of the ventral lobe densely 
beset with irregular rows of thin and sharp teeth. The internal sheath of the valve 
is raised into a distinct fold (*\ which begins vcntrally at the base — in f. 149 
and lou the right-hand side is the ventral side of the valve — runs for a short 
distance along the ventral margin of the valve, turns in a rather even curve round 
towards the dorsal side, forms asubdorsal tooth (r). and then traverses longitudinally 
the dorsal lobe, being here raised into a short dentate ridge (cl), the “dorsal ridge " 
which stands almost perpendicular upon the plane of the lobe leaning very feebly 
over vcntrally. In f. 149 and 150 the subdorsal tooth (c) is visible almost in 
its entire length, because it is bent over npically, while the dorsal ridge appears 
much less high than it really is. 

The variation of the species according to locality relates especially to the form 
of the valve, the length of the suhdorsal tooth, and the form of the dorsal ridge. 

a. P. cloanthus cloanthus from Kulu to the Shan States, at higher elevations : 
f. 149, 151, 15:2. 

The sinus of the valve is } mm. deep. The ventri-dorsal fold (V) is slightly 
curved. The suhdorsal tooth (c) is high, simple, and when seen from the dorsal 
side, as in f. 151 and 152, reaches so far that its tip appears to he above the 
dorsal ridge. The length of the tooth is variable : the lower extreme met with by 
ns is represented by f, 152 (Shan States); in a second individual from the Shan 
States the tooth is nearly as long as in f. 151, which is taken from a Sikkim 
specimen and represents the usual form of the tooth. As both the Chinese and 
Sumatran subspecies have the tooth generally considerably shorter, the mountainous 
regions of Siam, Tenasserim, ami Malacca on the one side, and of l T pper Tonkin on 
the other, will most probably yield (if inhabited by cloanthus) individuals more 
often, nr even constantly, intermediate between the three subspecies in respect to 
the length of the tooth. 

The dorsal ridge (f. 151, 152) of cloanthus clou nth us is a little longer than 
high, and i> in all our specimens rather strongly denticulate. 

The individuals of the spring brood are not dillerent in the valve and harpe 
from the individuals of the later broods. 

h. 7\ cloa ot has cbjmcuus from Western and (’cntral < ’hina ; f. 159. 

In the outline of the valve all the individuals examined agree with specimens 
• Nov. Zool. | 1 . 44.’. (lsji:,). 
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of cloanthns cloantJnis, and so they do in the form of the veutri-dorsiil fold. Tliesnb- 
dorsal tooth is iu every specimen shorter than that off. 15} (normal length of tooth 
of clou nth ns cloanthns)^ 1 >nt there occur individuals wliicli have the tooth nearly 
as long as it is in f. 152. A specimen of clou nf has cb/ menus with the tooth of a 
length which is normal for ch/ menus is represented by f. 1 bib We have examined 
some individuals which externally are not different from Sikkim specimens, and 
observed the highly interesting fact that in these individuals the tooth is as short 
as in f. 153, while in some other examples Which differ in the extent of the black 
colour on the wings considerably from cloanthns clou nth ns the tooth approaches 
in length that of f. 152. This is a remarkable illustration of what wo have said 
in the introduction, namely that specimens can he similar or identical in one set 
of characters, while in another, independent, set they are dissimilar ; the rhinese 
individuals of cloanthns which in pattern are like iudian cloanthns elan nth ns are 
nevertheless individuals of cloanthns elymenns, distinguished from cloanthns cloanthns 
by a character of the genital armature not found, to our knowledge, in any 
individuals from India. We shall have to refer again to 1 1 i is fact later on. 

The dorsal ridge of the Chinese cloanthns is similar to that of t lie Iudian 
specimens ; we have not found any difference that can he pronounced constant ; in 
many individuals the ridge is a very little longer, and the teeth are often more 
mimerons and smaller. 

c. l\ cloanthns sitmafranns from the mountainous districts of X.K. Sumatra; 
f. 150, 1 54, 155. 

The sinus of the valve is much smaller than in the two preceding subspecies : 
the dorsal edge of the dorsal lobe is more rounded, and the ventral lobe is con- 
siderably blunter. The dentition of the ventral edge of the valve is, especially near 
the blunt angle (/'), extended upon the outside of the valve to such a degree that 
five or six small, hut strongly chitiuised, teeth stand irregularly one above the other. 

The ventri-dorsal fold (c) is straight er and more raised than in cloanthns 
cloanthns and cloanthns cbj menus, its edge is less rounded off and. especially near 
the snlidorsal tooth, slightly notched or faintly denticulate. 

The subtlorsal tooth is as short as in cloanthns cly menus, but at the base* 
broader, in consequence of the fold, of which it is a process, being higher ; mostly 
it bears two or three faint teeth at the ventral edge. 

The dorsal ridge is obviously shorter than in the rest of the species, but is of 
the same height; the free edge is less dentate, often simply sinuate. F. lot and 
155 illustrate the degree of variation in the dorsal ridge ami the snlulorsal tooth 
noticed by us. 


The principal tacts of variation as illustrated by f. ! t'.i to 155 are as follows: — 

(1) The three subspecies of /\ cloanthns agree in the valve and its armature, 
lmt exhibit some differences in the detail of structure. 

(2) The Indian and the Chinese forms differ constantly in the length of the 
subdorsal tooth, though the extremes come very close. 

(3) The Sumatran form is aberrant in the form of tin; valve, the ventri-dorsal 
ridge, the subdorsal tooth, and the dorsal ridge. 

(4) In the length of the subdorsal tooth t he Sumatran and Chinese forms agree 
with one another, while they disagree witli the Indian subspecies which inhabit* 
interjacent countries. 
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(oj The individual variation of* the genital armature in the Chinese subspecies 
is entirely inde])endent of external characters. 

(6) Tlie seasonal dimorphism in external characters obviously marked in the 
Indian P. cloanthu s cloanthu# does not affect the genital armature in any way, as 
far as we could ascertain. 


10. Papilio sarpedon; f. OG to 14s 

Though some ]>eo|>lo. have treat ed P. sarpedon and P. cloanthu# as belonging 
to two different genera, the insects are, nevertheless, very closely allied to one 
another, more closely than to any other species. This does not only follow from a 
careful comparison of the wing-pattern of the two Papilios, but also from the 
structure. 

The range of P. sarpedon comprises the whole of the Indo-Australian Region, 
including Japan (except the north of it). The nnmber of subspecies into which 
the insect has developed is very great. As it is one of the commonest species we 
could examine a large nnmber of specimens, and to this it is due that we hen* came 
across an individual which stands in the genital armature far outside the usual 
limits of variation of the subspecies to which it belongs. 

If wc select some of the extreme forms here treated as subspecies of one species, 
for exam] de the Indian, ( Vlebcnsian, and the Solomon Island forms, their external 
differences are so very conspicuous that one might easily be misled to consider 
these forms specifically distinct. A comparison of the representatives from all the 
various localities, however, convinces us that the differences in colour, pattern, 
shape, and size between every two nearest allied forms arc very slight, and do in 
some forms not even apply to every specimen ; and we observe further that, when* 
the differences are constantly met with, the characters amount quantitatively not 
to more than the differences between the seasonal forms of Japanese sarpedon , 
or than the differences found between certain Indian examples, lienee we think 
it to be (piite correct to accept Mr. Rothschild's statement that all t lie forms dealt 
with in the following lines are subspecies of one species. 

As we now are acquainted with the more simple armature of the valve of 
P . cloanthu# , t lint of P. sarpedon will be more easily understood. A comparison 
of f. GO ami 149 will at a glance show the great similarity in the* apparatus 
of the two species. The valve, though differing in outline from that of J\ clo'anthus, 
has the same apical sinus, aud the armature has nearly the same position. 

The ventral lobe of the valve (f. 96, a) is longer, mostly broader, than, the 
dorsal one (J*) : its ventral edge is denticulate, as in cloanthu# , but there is only 
one row of teeth, and the toothed portion extends farther down toward:* the base. 
Then* is a good deal of variation. in tin* shape of the lobes and the depth of the 
sinus, both in respect to individuals and to geographical races. 

Tin* fold (e) formed by the inner sheath of the valve begins ventrnlly at. the 
base of the valve, as in cloanthu# , runs in an oblique direction to somewhat beyond 
half-way to the apex, turns round here towards the dorsal side, forms, when having 
arrived at a level with the ventral margin of the dorsal lobe, a subdorsal tooth (c), 
and then is continued in a longitudinal direction to form a dorsal ridge (//). Tin* 
homology of the organs is obvious. The fold e is homologous to the fold e in 
cloanthu #, but is here less raised, takes a somewhat different course, and is at the 
)< :nt where it curves round towards the dorsal side often feebly toothed. The 
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snbdorsal tot >tli corresponds to that of cloanthus , hut is here much less chitinised, 
usually broadened at the tip, and is in fact a dilatation of the fold e partly rolled 
in so as to form a half-cylinder ; though this tooth is variable, we shall not refer 
to it under each subspecies. The dorsal ridge corresponds to the dorsal ridire of 
c fount ft n$, but is here of a more complicated structure. In a view from the dorsal 
side (f. 07) it will be seen that the dorsal ridge off. 00 consists of a dentate high 
lm s;il portion and a free rod-like apical process (//), the florxn-a picul process, 
which is curved upwards— that means towards median plane of the abdomen— is 
denticulate at the tip, and protrudes beyond the tip of the dorsal lobe. At tin* 
ventral side of the dorsal ridge a longitudinal fold (f. 00, ?, and 0>\ /) will he 
noticed which is continued to the apex of the dorsal lobe ; that vertical portion, 
of the fold (f. OS, ft) which runs np to the upper edge of the ridge is of hisrli 
importance, as it develops in most subspecies to a peculiar organ. 

a. P. srtrpet/on mrpetlon \ f. 00 to 114. 

This form occurs all over India (except. 8. India and (Vylon) to Java, the 
Philippine Islands, and Japan ; in China it is replaced by another subspecies. There 
are some external characters by which the individuals from Java, Borneo, and the 
Philippines can he distinguished from the individuals from N.W. India and 
N. India, but these characters are very slight ; besides, the Malayan individuals 
lead over to the more different forms from the lesser Snmla Islands, and hence 
remain best included in surpedon $ trpedon. The genital armature is entirely in 
accordance with this statement. 

We have examined specimens from N.W. India, Sikkim, Assam, Burma, 
8han States, Tenasserim, Cochin China, Sumatra, Nias, Java, Natuna Islands, 
Borneo, Palawan, Mindoro, Luzon, the Bin Ivin Islands ( = Loo Chon Islands), and 
Japan. The specimens from all these localities agree so well with one another, 
apart from individual peculiarities, that we did not succeed in finding in the genital 
armature any character by which the specimens from one or the other place could be 
recognised. 

The outline ot the valve normally met with in sarpndon mrppdon is represented 
by f. 00, which is taken from a Ivumaon individual. The sinus is about h mm. 
deep; the dorsal lobe is rounded at the apex ; the ventral one is also rounded, its 
ventral edge feebly incurved. The dorsal ridge is in the dentition very variable ; 
the important feature is that normally the lateral fold // of f. 0s is very slight and 
incomplete, as in f. 00, or even absent. 

The variability in the form of the valve is illustrated by f. 00, 07, 1 B>, and 
ILL In t. 07, taken from an example from the Shan States, the sinus is narrow, 
and the apex of the ventral lobe also very narrow. I 1 ". 1 1 :» and 114 represent two 
other Shan States specimens : one 1ms the ventral lobe much produced, and the 
sinus accordingly deep ; in the other the same lobe is very short and broadly 
rounded. In the individuals from the Malayan region the ventral lobe is often, hut. 
by no means regularly, more produced and slenderer than in the average Indian 
specimen ; and this is not surprising, as in the various subspecies from the lesser 
Nimbi Islands the lobes arc constantly long and slender. 

The variation of the dentition of the dorsal ridge is very groat, as will be >een 
from 1. OS to Bio and ]ol to tiO. Sikkim specimens an? represented by f. 00, 
100, and 10S; individuals from the Shan States by f. loJ and I0i> : a Malacca 
specimen by f. 107; two Bornean examples (from Mount Mulu) by f. 100 and 110. 
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Every individual specimen examined exhibited some peculiarity in the number, size, 
and lhrm of tlie teeth of the dorsal ridge. 

The lateral (ventral) fold ( h ) of the dorsal ridge (f. 9i>) is in f. 10T (Tailing, 
Malay IVninsida) absent, in f. 99 (Sikkim) very short, in f. luO (Shan States) 
complete but very slightly raised, anti is more distinct in f. 9s (Kiimnnu). In 
f. 1O0 (Sikkim) the ibid runs uj) to a small tooth, which lias a somewhat transverse 
position to the longitudinal ridge ; in f. H>.> the Ibid is raised to a low but obvious 
dentate ridge, which we shall call *’ transrerse ridyr." 

In a .Mindoro specimen caught by Mr. A. Everett in December 1 >9-1 the 
additional transverse ridge is raised above the level of the dorsal ridge, and forms 
a conspicuous, broad, tooth-like prominence ; in f. Ill the dorsal ridge with the 
transverse prominence is represented in a view vertical upon the plane of the valve; 
and in f. 112 we give a view of the same organ from tlie apical side (with the eye 
a little above the valve). 

►Still more aberrant is a specimen from the Shan States caught by Mr. Roberts 
in the same district where the individual was obtained from which f. 100 is taken. 
The increase in the size of the transverse ridge, as illustrated by f. 107, 00, 100, 
9>, 100, ins. 111, and 112, reaches in f. 101 to 103 the maximum. The transverse 
ridge h is higher, strongly dentate, and more extended than the dentate portion of 
the dorsal ridge d: in f. 1 u 1 the organ is seen from above, in f. 102 from the 
ventral side, and in f. 103 from the apical side (compare f . 1 1 1 and 112). 

We have examined more than a hundred specimens of 1\ carped on sarpedon, 
and found only one that has tlie additional transverse ridge so extraordinarily 
developed; the significance of this variation is obvious if we compare the special 
structure of the dorsal ridge of J\ sarpedon anthedon , mil on, choredon , teredon , etc. 
We shall Lave to refer to this particular case again. 

b. l\ sarpedon semijaseiatus from Ohina. 

The Chinese subspecies of sarpedon is in the markings not always distinguish- 
able from sarpedon sarpedon , but the greater number of the individuals from 
Central and Western China have a very remarkable character in the band of the 
hindwing being more or less obliterated. Such specimens with almost entirely black 
hindwings are, in respect to pattern, quantitatively more diiferent from sarpedon 
sarpedon than the individuals of any other subspecies are. Though we dissected a 
long series of Chinese individuals, we did not pcrcei\e any character in the genital 
armature by which they could be diiferent iated from sarpedon sarpedon ; and this 
concerns the examples which are most aberrant in pattern, as well as specimens with 
the ordinary sarpedon sarpedon pattern. The fact is of high interest, as it distinctly 
shows that a great external discrepancy of a localised form does not necessarily 
imply that there is also a peculiarity in the genital armature of (lie form. 

c. I*. sarpedon adonarensis from Adonara and Sambawa ; f. 127. 

The interesting external features of this form are pointed out by Mr. Kolln>ehild 
on p. 321 of this volume. In pattern it comes near the subspecies from the 
neighbouring islands of Sumha, Timor, and Wetter ; and we were rattier surprised 
when wi* found that in tin 4 armature of the valve the specimens from Sambawa and 
Adonara disagree with those subspecies, and agree much better with the Indo- 
Malayan sarj/edon sarpedon, as tlie dorsal ridge is dentate and lias tin* transverse 
rulgc as feebly developed as it normally is in Indian examples. E. 127 represents 
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the dorsal ridge of an Adonara individual from the ventral side; it will l>e noticed 
that the dentate part of the ridge is markedly less extended than in sarpedon sarpedon, 
anti that the transverse fold // has not developed to a ridge, as in f, 123 (Kumba), 
or f. 12s (AYctter)and f. 129 (Timor). The valve of adonarensis stands in shap<* 
intermediate between sarpedon mrpcdon and sarpedon japans, the lobes being 
slenderer than in the former, and shorter and broader than in the latter. 

The individuals from the island of Lombok approach in external diameters and 
in the genital armature still more the IndodUalayau form. 

d. l\ sarpedon tercdon from South India and Ceylon; f. 115 to 12U, 133, 134. 

The range of this subspecies is separated from that of sarpedon sarpedon by a 

wide area where most probably the species does not occur. YVe have examined above 
thirty specimens of L\ sarpedon tercdon from South India and Ceylon, all of which 
are in external features and in the genital armature well distinguishable from all 
other forms of mrpedon. 

The valve is much narrower aud the sinus considerably deeper than in sarpedon 
mrpedon. The ventral lobe (f. 115, 133, 134) is usually slender in its apical 
half, and curved towards the median axis of the abdomen, thus forming almost a 
hook-like organ; the dorsal lobe is sometimes strongly pointed (1*. 133). The 
inconstancy of the outline of the lobes is illustrated by f. 133 and 134, which are 
taken from South Indian individuals. 

The ventral (longitudinal) portion of the valval fold extends farther towards the 
apex of the valve than in the preceding forms, and hence the ventri-dorsal portion 
has a more oblicjne direction. The dorsal ridge is much less raised than in sarpedon 
mrpedon ; the dentienlation is absent; only the middle portion of the ridge, which 
corresponds to that part of the ridge of mrpedon mrpedon in f. 98 and 102 which 
bears the transverse fold or transverse ridge respectively, is elevated; it lias, com- 
bined with the transverse fold ( h of f. 06), developed in a vertical and transverse 
direction to a strong tooth-like transverse ridge, which slightly leans over basal ly 
and dorsallv. As in f. 115, taken from an example from Trichopolis, the transverse 
ridge is too inconspicuous, we give an eularged tignre of the dorsal ridge of the same 
specimen in the same position (f. 116), and also a figure of the organ from the 
ventral side (f. 117). In f. 118 to 129 the transverse ridge alone is represented 
from the apical side ; mostly the ridge is shaped as in f. 119 ; its edge is usually 
not dentate, but there occur specimens, like that from which f. 118 (South India) 
is taken, which have the transverse ridge dentate ; in one of the Ceylonese examjdes 
(f. 120) the ridge is considerably smaller than in f. 119. 

The individuals which belong to the ab. thermodam have no character in the 
valve and its armature that is peculiar to them. 

In external features and in the genital armature tercdon comes much closer to 
the forms from the lesser Snnda Islands than to mrpedon mrpedon , which inhabits 
the inteijacent countries. 

e. I\ mrpedon japans from Snmba; f. 121 to 126. 

‘‘This form combines to a certain extent the characters of mrpedon .mrpedon 
and sarpedon ti moron sis," and its “genital armature resembles more that of 
timorensis than that of sarpedon and adonarensis" (Rothschild, this volume, 
p. 324). 

The siuns of the valve (f. 121) is deep. The ventral lobe is very slender, often 
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of almost rod-like appearauce, sometimes even narrower than that of carped on 
teredon . The apex of the dorsal lobe is mostly rounded. The dorsal ridge is denticu- 
late in the fonr specimens in the Triug Museum, but a comparison of f. 123 with 
f. 10<> shows that the basal half of the ridge is very feebly raised ; as in to redo n 
(f. 117), the elevation is restricted to the median part of the ridge and the 
transverse ridge. F. 121, 122. 123. 125 are taken from the same individual : 
122 aud 123 give a view from the apical and ventral sides of the valve respec- 
tively, while f. 125 represents the median part of ridge alone in a view from 
above (as in f. 121). The dorsal ridge of another individual is represented from 
the apical side in f. 124 ; the transverse ridge is here much less developed than in 
the other specimen, in fact not more than in the Mindoro example represented by 
f. 112; the ridge d of the latter is, however, scarcely indicated in f. 124; tiro 
transverse ridge of f. 124 is enlarged in f. 120, which gives it in a view from 
above. The differences between f. 122 and 124, and 125 and 120, are very con- 
spicnons. 

f. P. sarpedon timorensis from Timor and Wetter; f. 12<>, 129. 

We have only two specimens of this interesting form, one from Dili, 
Portuguese Timor, and the other from Wetter ; the two individnals disagree 
somewhat with one another in external characters as well as in the form of the 
transverse ridge, bnt the differences are such that they may very well be individual 
and not subspeeific. 

The valve agrees with that of )u<jans % but the ventral lobe is less slender. The 
dorsal ridge, as in teredon from Ceylon aud iSontli India, is not denticulate ; the 
transverse ridge is tooth-like, nearly as in teredon ; f. 12<s (Wetter) and 129 
(Timor) represent the transverse ridge in a view from above : the figures may be 
compared with f. 125 and 126 (Smnba), 132 (Queensland), 13> (New Britain), 143 
(Celebes), and 14S (Guadalcanal*, Solomon Islands). 

g. P. sarpedon choredon from Australia and New Guinea (including the islands 
near its coast); J‘. 130 to 132, 135 to 137. 

The specimens from Waigeu and the northern parts of New Guinea are in 
external characters sometimes slightly different from ordinary individnals from 
Australia, and lead over to the next subspecies, which inhabits the Bismarek 
Archipelago. 

The sinus of the valve is very deep (f. 135, Queensland). The ventral lobe is 
very prominent, its upper edge straight, its ventral (denticulate) edge evenly rounded; 
in breadth the ventral lobe is intermediate between timorensis and jitgnns on the 
one side, and sarpedon mrpedon on the other ; in some examples the lobe is a third 
broader than in others. The dorsal lobe is in all examples we have seen rounded at 
the apex. The fold e of f. 135 is more curved limn in sarpedon sarpedon , and 
takes about the same course as in sarpedon teredon. 

The dorsal ridge divides basally in a dorsal (/*) and a ventral (.s) portion which 
correspond to the two slight folds marked /* and ,v in f. 96. Now, in very many 
specimens both from Australia and New Guinea, only the ventral branch of the 
ridge participates in the formation of a high transverse ridge, as in f. 135 and in 
f. 136 ; the latter figure is taken from an individual from Redscar Bay, British 
New Guinea, and is a highly enlarged view of the transverse ridge and the 
adjoining parts of the dorsal ridge. In this case the dorsal ridge is rounded off, 
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ami has no teeth, except at the tip of the apical rod-like processus, which is lunger 
than in all the preceding subspecies. F. 137 represents the dorsal ridge with the 
transverse ridge of a Redscar Ray individual in an apical view. Another extreme 
in the structure of the dorsal ridge is represented by f. 130 to 132, which are 
taken from au example from Cairns, North < jneenslaud. F. 130 gives a view 
from the apical side ; the dorsal ridge d is provided with teeth, and the transverse 
ridge h is joined to the dorsal ridge, and is not a separate structure as in f. 130; 
f. 131 gives the ridges in a ventral view, while f. 132 is taken from above. The 
intergradatious between the extremes figured here are equally abundant in Australia 
and New Guinea. 

The individual variation of choir don in the direction from f. 130 to 137, from 
the transverse ridge forming one piece with the dorsal ridge (as in sarpedon 
sarpedon, teredon,juyans), to the other extreme where the transverse ridge stands 
isolated, will serve to comprehend the still more exaggerated development of the 
transverse ridge in some of the following subspecies. 

h. P. snrpedon imparilis from New Britain ; f. 138. 

The external differences between this subspecies and the preceding one, though 
slight, are prominent enough to enable us to distinguish all our New Britain indi- 
viduals from ehoredon. Tn the genital armature imparilis conies again very close 
to ehoredon ; the lobes of the valve are, however, more pointed (f. 13s) ; the 
transverse ridge is smaller, stands less oblique, and leans over towards the base of 
the valve ; the dentition of the transverse ridge is as variable as in ehoredon. 

The specimens with additional spots on the forewing have no character in the 
valve and the armature peculiar to them. 

i. P. sarpedon impar from New Georgia, Solomon Islands. 

The male of this insect is unknown; the female is in pattern midway between 
the preceding and the following form. 

k. P. sarpedon i Sander from Guadalcanal* and Bougainville, Solomon Islands: 
f. 148. 

Though this form is so very aberrant in markings that it lias been described 
by Godman k Salvin as a distinct species, and lias also been kept separate from 
sarpedon by Mr. Rothschild in his Revision (who, however, informs me now 
that, in consequence of the receipt of more specimens, he must sink it to the rank 
of a subspecies of sarj/edon), the valve and its armatnre are only slightly different 
from that of imparilis. The ventral lobe of the valve is broader, blunter, and 
shorter. The transverse ridge is not separated from the dorsal ridge ; it is high, 
mostly simple, and seldom notched or faintly dentate. F. 148 is taken from an 
individual from Guadalcanal*. 

l. /\ sarpedon dodinyensis from the Northern Moluccas (llalmaheira and 
Batjan); f. 13b and 140. 

The sinus of the valve (f. 13b) is very dee]) and especially narrow, being about 
twice as deep as broad. The ventral lobe of the valve is shaped nearly as in 
imparilis. The dorsal ridge is bifurcate as in ehoredon, but the bifurcation tako 
place not far from the apex of the valve; the ventral part of the ridge is raised and 
forms the usual transverse ridge. From 1*. 140, which is taken from the same 
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specimen as f. 1 3l> and gives a view of t lie dorsal ridge from the apical side, it 
will he observed that the dentate ridge differ! essentially from the transverse ridge 
of f. 1»»3, 130, 137, 14*2. 144, in so far as it is not homologous to the fold h of 
f. 98, but to the middle portion of the dentate dorsal ridge to which that fold is 
joined. In a Ihitjan example the ridge, which in f. 140 is tridentate. is much 
reduced. The apical process of the dorsal ridge is long. 

m. 1\ sarpedon nnthedon from the Southern Moluccas (Amboina, Ceram;; 
f. 141 and 142. 

The sinns of the valve is twice as broad as in sarpedon dodingensis, but not so 
dee]) as in that form. The ventral lobe of the valve varies a good deal individually, 
and has generally the outline of that of choredon or dodingensi. s ; the dorsal lobe is 
broader than the ventral one, and rounded at the apex. The dorsal ridge has the 
apical (rod-like) process prolonged, as is the case in dodingensis. The transverse 
ridge is always strongly developed, and nearly always so obviously detached as in 
f. 142. which is taken from a Ceram individual of which f. 141 represents the 
valve and bar pc from above. 

In external features nnthedon is much more closely all ied with dodingensis than 
with choredon ; in the valve and its armature the difference between the former is, oil 
the contrary, much greater than that between nnthedon and choredon . Anthcdon is 
distinguished from choredon only in the free apical process of the dorsal ridge 
being longer, and in the transverse ridge leaning more evidently over basally, as 
will be seen from comparing f. 135 and 141, and 137 and 142; while it differs 
from dodingensis in having a broader dorsal lobe, a much wider sinus, and a differ- 
ently shaped ami differently situate transverse ridge. The relationship indicated by 
pattern is therefore not the same as that which we must deduce from the structure 
of the genital armature. 

n. P. i sarpedon mouticolus from l’onthain Peak, S. Celebes; f. 14b and 147. 

The discovery of a mountain form of sarpedon in Celebes which is in general 

appearance very different from the form inhabiting the lower districts of the 
island is highly interesting. The subspecies resembles oil superficial examination 
Indo-Malayau individuals of sarpedon sarpedon ; the actual affinities of the sub- 
species are, in respect to the external characters, as follows: In the green colour 
of the markings u wnt.ieolu s — it ought to he montirola ! — agrees with wiped on 
sarpedon, sarpedon jugans, sarpedon adonarensis, and sarpedon timorensis , and 
differs conspicuously from its compatriot mi Ion and the Moluccan races. In 
the shape of the wings it resembles sarpedon sarpedon from the Sunda Islands. 
In the shape of the median hand of the forewing it comes nearest to sarpedon 
dodingensis from the Northern Moluccas, except in the third spot being larger 
than the fourth, in which character it agrees with timorensis. The underside of the 
bindwing is in monticolns, milon (Celebes), and dodingensis (Northern Molucca*), 
in opposition to all other subspecies, provided with a red mark before the median 
cell between veins ft and 7. And, lastly, the genital armature of monticolu* stands 
intermediate in structure between that of milon and that of dodingensis , and hence 
is obviously different from that o £ sarpedon sarpedon. 

We have to lay great stress upon the mixture of characters found in P. sarpedon 
monticolas. As the relationship to milon from Celebes, sarpedon from the Samla 
Islands, and dodingensis from the Northern Moluccas is equally great in the 
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characters of the wiug and valve, we have no reason whatever to say that montieola s 
is derived from sarpafon sarpedon, or from sarpedon dodintjensis, and not from 
sarpedon mi Ion ; and lienee a conclusion, based upon the occurrence of a special form 
of J\ sarpedon on Bouthain Peak, as to the probable geological history of Celebes — 
connection with the JSnnda Islands or with the Northern Moluccas — would lack the 
necessary facts. We shall have to refer again to monticolas in the last chapter of 
this ] taper. 

The valve is nearly shaped as in mrpedon milon , i.e. the ventral lobe is much 
longer and narrower than in sarpedon sarpedon. The dorsal ridge (f. 140, from 
apical side) bears a transverse dentate ridge, similar in position to that of dodintjensis 
(f. 3 40), hut differently shaped; the dentate ridge is much less extended than in 
ordinary examples of milon (f. 144). F. 140 gives a dorsal view of the ridge. 

o. P. sarpedon milon from Celebes, the Sulla Islands, aud the island of 
Talaut ; f. 143, 144, and 145. 

This long-winged and narrow-handed subspecies has the blue colour of the 
wing-band in common with the Molucca n races ; the nearest ally in respect to the 
pattern of the wiug is dodinjensis, which has, like milon and montirolas. t an 
additional red spot before the cell on the underside of the hindwing, and has the 
median band of both wings also obviously narrower than it is in t lie subspecies 
from Amboina and Ceram. 

The sinus of the valve of milon (f. 143) is deep and broad ; the ventral lobe 
of the valve is very slender and long, resembling somewhat that of japans from 
Snmba (f. l~t) aud teredon from Peylon and 8. India (f. 133). The apical 
processus of the dorsal ridge is nearly as long as in the two Moluecan races. The 
transverse ridge has developed to a broad saw-like organ, which when seen from 
above sometimes almost extends to the sinus of the valve. In the ventral view of 
the dorsal ridge (f. 145, Celebes specimen) t lie denticulate portion of the dorsal 
ridge itself (d) is plainly visible ; this portion of the ridge is not developed in the 
Moluecan races, but in monticolns from Bonthaiu Peak (f. 147). The transverse 
ridge (//) is in this specimen almost perpendicular. A view of the same organ from 
the apical side of the valve is given in f. 144; the ridge is larger than in any 
other subspecies, but there is some individual variation in the size of the ridge. 

We have only one 3 from the island of Maugiola ( Sulla Islands), which, like 
the female, differs from the Celebes individuals in having a narrower median baud 
to t lie wings. The valve and its armature is in this 3 very slightly different from 
that of our Celebes examples; but, of course, we cannot tell from one individual 
whether the difference is due to individual or to local variation. 

The more prominent facts of variation illustrated by f. tb> to N s are as follows:— 

(1) The genital armature varies according to locality: the Chinese subspecies 
agrees in the apparatus, however, with the Indo-Mahiyan one, in spite of very 
prominent external differences. 

(2) The distinguishing characters in the genital armature of the subspecies are 
found in the valve as well as in the harpe. 

(3) The individual variation within the Jmlo-Malaynn subspecies, of which a 
large material has been examined, is so great that the difference between every two 
nearest allied subspecies is small compared with the difference exhibited by the 
extreme individuals of the hido-Malayau subspecies. 
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(4) The Ceylonese and South Imliau subspecies is in the genital armature ami 
in the shape of the wing nearer related* to the forms inhabiting Sumba, Wetter, 
and Timor, than to the Indian form. 

(.->) The subspecies which are in colour and pattern nearly allied * (.s nrpedon 
* nr potion from India, carped on chore don from Australia, sarpedon monticolns from 
Celebes) need not lie similar in respect to the genital armature. 

(b) The spring and summer broods in North India and Japan are not dilferent 
in the genital armature. 


11. Papilio bathycles ; f. lb to 50. 

We have selected this species out of a number of ‘‘green*’ Eastern l’apilios lor 
two reasons : first, because the harpe of the species has long spines and processes 
the variation of which is more easily demonstrated ; secondly, because the three 
subspecies of the species (.lava ; Malacca, Sumatra, Borneo ; North India and 
Burma), though in external characters not always distinguishable (at least as 
regards those two of them of which we have a long series), are in the hurpes, 
according to our material, always different. We believe that the great gap between 
the harpe of the North Indian form and that of the Malayan form, and the smaller 
gap between the Malayan and the Java subspecies, are due to the circumstance 
that we have not examined specimens from the interjacent countries, Tenasserim and 
South-West Sumatra. 

As the valve of P. bathycles does not vary to any extent, we figure only the 
harpe. The harpe consists of a fold extending vcutrally from the base of the valve 
to near the aj)ex, and from here to near the dorsal edge of the valve ; the fold is 
apically produced into a Ventral spine ( a ), a ventral ridge (4), aud into a dorsal 
ridge (r), all of which extend in an apical direction; the fold between the dorsal 
ridge and the ventral ridge is very slightly raised. 

a. P. bothycle# bathycles from Java ; f. 46. 

We have examined but four individuals, the harpe of one of which is represented 
by f. 4b. In all four specimens the ventral spine (a) is simple, without denticnla- 
tion ; the ventral ridge is dentate, either of the form as represented in f. 4b, with 
a small dentate dilatation at its dorsal edge, nr the place of this dilatation is 
occupied bv some small teeth : the dorsal ridge is broad, denticulate, aud lias 
generally one larger tooth, as in f. 4b ; the surface of the ridge is basally limited 
by a faint fold. 

1). bathycles hathycloides from Sumatra, Malacca, and Borneo ; f. 47. 

F. 17 is taken from a Bornean example. The ventral spine is either simple, 
or, as in ligure, denticulate at the tip ; the ventral ridge is longer and basally much 
narrower than in the Java form, being there without dilatation or denticnlation ; 
the dorsal ridge i> nearly shaped as in bathycles bathycles , but the fold e is more 
obviously marked and lias a different direction. 

e. V . bathycles ehiron from Sikkim, Assam, Burma ; f. 48, 41), 50. 

The material of this form which stood at our disposal was much larger than 
that of the two preceding subspecies, and consequently the amount of variability 

* The words *• allied “ aud “ related '* mean here simply " similarity,” not phylogenetic relationship. 
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* The words *• allied “ aud “ related '* mean here simply " similarity,” not phylogenetic relationship. 
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observed in chiron greater than the amount observed in bathyrloides and bathyrlrs. 
As in wing-pattern bathycloidt v* and chiron are not always distinguishable with 
certainty, while bathyrlrs is more easily recognisable, the dissimilarity in the harpes 
of bathyrloides and chiron is much greater than the difference between the harpes 
of bathycloides and bathyclcs . Comparing f. 4b (Ijathyclrd) and 47 (Jmthyrloide. s) 
with f. 48 to do, which represent chiron , we observe as main character of the 
harpe of chiron that the dorsal ridge (e) is reduced to a small triangular tooth. 
Besides, the dorsal tooth c stands nearer the ventral ridge owing to an increase in 
breadth of the ventral portion of the harpe ; the ventral spine has a somewhat 
different direction, and the ventral ridge is differently shaped. 

The division of the ventral ridge of batkycle . s into two lobes (f. 40) is in 
f. 48, taken from a Shillong (Assam) example, more obvious ; in f. 4U (Sikkim) 
the bifurcation is complete and the denticulation is much reduced : in an individual 
from the Shan States (f. 50) the ridge is divided into three teeth. 

The ventral spine is either simple (f. 4 ( J), or denticulate at the tip. 

The dorsal, triangular, ridge varies a good deal in size, hut to our knowledge 
this variation is independent of locality, as is also the variation of the ventral ridge 
and ventral spine of chiron. 

There often occur specimens of chiron in which the ochreons costal mark on 
the underside of the hindwiug is wanting (al>. chironidcs). a diameter by which 
also bathycloidrs is distinguished from faith ycles ; in the genital armature of 
ab. chironidcs there is no peculiarity, and we also failed to find any distinguishing 
character in the genital armature of the spring specimens from Sikkim (broad- 
handed) as compared with t lie summer specimens (narrow-banded). 

The facts of variation illustrated by f. 40 to 50 are as follows : — 

(1) The three subspecies of P. bathyclcs , the Javan (bathyeles), the Malayan 
{bathycloidrs), and the Indian (chiron), have the harpe built up after the same plan, 
but the detail of the structure furnishes in the specimens examined obvious dis- 
tinguishing characters. 

(2) The Malayan and the Indian forms are nearest related in pattern, while the 
Malayan and the Javan forms are nearest related in the structure of the harpe. 

(J) The individuals of the spring and summer broods of c/'/m?, and the specimens 
of chiron ab. chiron and chiron ab. chironidcs, are in the genital armature the 
same. 

1 A Papilio aristeus; f. 72 to Sb 

This species ranges from Sikkim all over the Indo-Australian Archipelago, and 
is replaced on Celebes and some islands smith of it by a close ally (P. rhesus)* and on 
the islands of the Bismarck Archipelago by another close ally (1\ jmron). Mr. Hoth- 
"diild, Nov. Zool. lfd)5. p. 418, distinguishes four subspecies, which, arranged 
according to the geographical position of the district which each of them inhabits, 
are as follows : — 

(1) P. aristeus anticrates in Northern India (Sikkim and Assam). 

(2) P. aristeus hermocrates from Upper Burma to Timor and the Philippine 
Islands. 

(3) P. aristeus aristeus on the Moluccas. 

(4) P. aristeus yarmatus in (Queensland, on New (Guinea and Waigen. 
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That these four forms are really one species there can scarcely he any doubt, for 
the distinguishing characters are by no means perfectly constant. 

P. aritit*>us, rheum*, paron , andpkatea, etc., ami all the green Eastern Ihipilios 
have in nenration a prominent eharacter in common : in all of them the first sub- 
costal branch is inmriobly anastomosed to the costal nervnre. The relationship 
indicated by this jihenomenon is doubtless blood-relationship, not simply form- 
relationship, as the structure of the larvae, pupae, and the morphology of the 
imagines point in the same direction. The form of the ninth abdominal segment in 
the mah\ and especially that of the eighth in t lie female^ is in several groups of 
Indian Papilios with that peculiarity in the nenration morphologically similar, while 
those segments arc in P. podulirius. an( l allies, which have a superficial 

resemblance to aristewt* antiphase#, etc., of quite a different form (compare f. 1M. 
podaHrius ? , and IS 2, sarpedon $ ). 

The peculiar form of the valve of P. nnstrua will easily be understood if one 
compares with f. 72 (arixtem s* antk'ratrs) the valve of P. sarpedon (f. i)fi). 

The apical sinus which in xarpedon occupies the middle of the apex is in 
ariatt'u.s more dorsal and is very narrow; in a view perpendicular on the plane of 
the valve, as in f. 72, the sinus is concealed bv a brush-like organ (b) ; hut in 
f. 7o, which represents the brush-like organ from the ventral side (//»//*.< the 
bristles), the narrow sinus between a and b is visible. 

The organ h i> homologous to the dorsal lobe of the valve of mr pedate and 
therefore will here he called so. The ventral lobe of the valve (<f) is very broad 
and rounded, or somewhat triangular. The position of the two lobes against 
one another can easily be imitated with the thumb (representing the dorsal 
lobe) and the four other fingers (representing the ventral lobe) by moving the 
thumb inwards. 

The middle portion of the inner edge of the thick and raised ventral margin of 
the valve is furnished with short bristles. 

The armature of the valve is also homologous to that of sorprdon. The usual 
♦bid of the inner sheath begins centrally at the base of the valve, is soon curved a 
little dorsally. and then suddenly raised into a strongly cbitinised, denticulate, 
ridge (e) ; from here the fold turns dorsally and becomes soon dilated into a long 
process (c), the subapical tooth of mrpedon* which we shall call suhapirol 
proems* ; this process leans strongly over dorsally and apieally, is curved, and 
penetrates between the dorsal and ventral lobe of the valve, >o that its tip is \ isible 
when the valve is viewed from the dorsal side. The position of the subdorsal 
process will become clear from f. 75 and v2. 

The variation according to individuals and according to locality affects the 
dorsal lobe (/>), the ventral deuticiilate ridge (c), and the subdorsal process (<y\ 

a. P. Kristens ftnticrate# from Sikkim and Assam; f. 72. 75, 75. 

The dorsal lobe of the valve is always very broad ; its free apical portion is 
ovate. The outline is not always the same : sometimes the lobe is a little slenderer 
than in f. 75, which represents the average form and is taken from a Sikkim 
example; sometimes it is a little shorter. 

The ventral ridge appears in the view from above (f. 72, Sikkim individual) 
almost straight ; the ridge is concave dorsally, its middle portion being more 
ventral than the basal and apical edge. When seen from the dorsal side (f. 75) 
the denticnlation of the ridge is more prominent ; in all specimens examined 
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the longest, most basal, tooth (right-hand side in figure; is nearly horizontal. The 
snbdorsal process is simple, without dentieulation. 

Tliere is no difference in the genital armature between the darker and the less 
dark specimens from Sikkim and Assam. 

b. 7k aristras /trrmocmtt's from Burma to Timor, Borneo, Palawan, and the 
Philippine Islands ; f. 74, 7<> to SO. 

We have examined individuals from the Shan States, Borneo, Palawan, the Philip- 
pine Islands, Snmba, Ivnlao, Wetter, and Timor. The individual variation in the 
pattern of the wings and iu the size of the specimens is considerable, but we cannot 
find distinguishing characters which would necessitate a division of hermocrotes into 
more subspecies ; the Wetter and Timor individuals, from which islands we have 
only three altogether, are faintly different in the shape of the forewing, and may 
perhaps, on receipt of more material, be separable from ih'nnoc rates. An examina- 
tion of the genital armature likewise did not furnish us with characters by which 
specimens from the various localities could be recognised, except the Shan States 
individuals, which are more similar in part of the genital armature to the North 
Indian anticntte$. 

The chief distinction iu the genital nrinatnre of hennoevatcs concerns the form 
of the dorsal lobe, which normally is shaped as in f. 7*, and the form of the 
ventral ridge, which has the basal tooth (f 74) less horizontal than it is in 
a utiwates. 

We ha\e two individuals from Mtiong Gnow, Shan States, one darker thau 
many Philippine Islands specimens, one intermediate in the development of the 
bands between avticrutes and ordinary Philippine h^rmocra.tcs. The dorsal lobe of 
the dark specimen (f. 7b) is scarcely different from that of being mncli 

broader than it normally is in h<‘rmocr<ft<'s (compare f. 70 to mi); in the whiter 
individual, which in the wiug-pattern is scarcely different from dark Sikkim 
examples o f antirmtes, the dorsal lobe is considerably narrower (f. 77). 

The series of f. 70 to mj represents the variation of the dorsal lobe. F. 7 s 
is taken from a specimen from Kndat, North Borneo; the lobe is still narrower than 
in f. 77 ; the next tw'o figures (7i> and >0) represent the lobe of two Palawan 
individuals. The specimens from Kalao, Timor, Wetter, and Sumba have the lobes 
as in f. 78 to 8<i. 

The ijrailuul decrease in the size of the dorsal lobe from f. 7.7 (r///^7vv/ /#*.<) to 
f. 70 (hcrinocrutt’x), and from there to f. mi, is evident; and it is further obvious 
that the difference between the extreme form of the lobe of /wnnorntti's (f. Ml) and 
the lobe of (iriatt’us, as well as the difference between the other extreme of hermo- 
mtfr.s (f. 70) and antirmt,>s (T. 7.7), amounts ijuantitatively to much less than the 
difference between the extremes of Itmnornttrs T. 70 and Mi). 

c. I\ (trisfeua ar/.sbvM from the Southern and Northern Moluccas : f. M to Mb 

The individuals from the various islands of the Moluccas, though individually 

variable, exhibit neither in the wing-pattern nor in the genital armature any 
character confined to one or tin* oilier of the islands, or group of island". This sub- 
species is iu pattern most nearly related to Jn'rmorrtftt’x. but is easily distinguished 
by the ground-colour of the underside being obviously darker. 

The dorsal lobe of the valve (f. M and v>) is in all specimens examined 
slenderer than in ftvrtnorrutes ; the individual variation i> slight. The ventral ridge 
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is ranch more extended than in the two preceding subspecies ; when seen from 
above, as in f. ^2, it is a kind of half-ring; f. 83 gives the same organ in a view 
from the dorsal side of t lie valve. The difference between the ridge of aristeus and 
that of her mor rates and anticrates is obvious enough without further comment. 
Intergradations in the form of the organ are unknown to us. F. SI to o3 are 
taken from a llalmaheira individual. 

The snbdorsal process is denticulate, and is longer than in hermocrntek and 
anticrates, projecting distinctly beyond the upper edge of t lie ventral lobe of the 
valve (f. 82). 

d. I\ aristeus parmatus from Queensland, New (Ininea, and Waigen. 

Tliis snbspecies agrees externally so well with the Indian l\ aristeas antic-rates 
that Professor Rimer did not perceive the slight differences in colour ami pattern 
which generally separate parmatus from antieratrs , and which Mr. Rothschild 
pointed out on p. 41U of Vol. 11. of this journal. 

Although we know from several species that in forms which in the whig-colour 
and pattern are the most closely allied the genital armature is more different than in 
externally less closely allied forms, we were nevertheless much surprised to find 
that aristeas parmatus has, in opposition to aristeas anticrates , the same geuital 
armature as aristeus aristeas ; we dare say exactly the same, as ire hare not found 
a si /a/ 1 e character by which the apparatus of parmatus could he distinguished from 
that of the Moluccan insect. This discovery is very important, as it shows evidently 
that, in order to understand the relation of a form, it is necessary to com] arc sets of 
entirely independent characters, and as it further proves that a form externally 
similar to another can be dissimilar in the genital armature, while it agrees in these 
organs with an externally very different form. 


13. Papilio rhesus from Celebes, Saleyer, and Pjampca; f. S4, Sf>. 

Though Eimcr removes this insect from aristeas and puts it into another group 
of species along with American species, such as ajax. all the characters by which 
P. rhesus is distinguished from P. aristeas are developments of tin* characters of 
aristeus . The only argument in favour of a relationship with ajax is the number 
of the black bands on the forewing : in rhesus there is one band loss than in 
aristeas : but even this argument is not valid, as there very often occur specimens 
in which the usually absent band is indicated by a black spot, and as there are even 
examples in which this spot has developed to a distinct band. All the other 
characters of the wing-pattern speak against a relationship with ajax, and this 
statement is corroborated by the morphology of 1 lie male sexual armature and by the 
form of tin* eighth abdominal segment of Ww female. To begin with the latter, it 
will 1 jc sufficient to say that t lie eighth segment in rhesus is complete, as in aristeus , 
aqa mem non , sar/tedon, etc. (see f. 182, sarprdon sarpedon : f. 1 Sb, aristeas 
parmatus ; f. ^7, marfarlaneV) : whereas in ajax 9 the eighth segment is 

incomplete, as in i'. l8l (podalir ins'). The similarity in the armature of the valve 
of rhesus with that of aristeus will become evident by comparing f. M and 8b 
with 7b and s:]. 

The dorsal lobe of the valve of rhesus (f. 84; is much broader than even in the 
Indian aristeus antieratrs , except the free apex, which is comparatively narrower: 
t lie snbdorsal process is thin, and, as in antieratrs , not dentate ; the ventral ridge 
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is almost shaped as in aristeus aristeus and arista*. s parmatns* lmt the bash dorsal 
portion of the halt-ring is much higher than in these subspecies ; i‘. 84 gives a 
dorsal view of the ridge. 

The affinities of rhesus are as follows : in the pattern of the wings it comes 
nearest to hermoerates, in the form of the dorsal lobe of the valve and the subdorsal 
process nearest to anticrates and hermoerates, in the form of the ventral ridge 
nearest to aristeus and parmatus. 

The facts of variation illustrated by f, 72 to <">5 are as follows: — 

(1) P. aristeus hermoerates exhibits obvious variability in the shape of the 
dorsal lohe of the valve ; the extreme specimens come very near anticrates and 
aristeus respectively. 

(2) That Slum States individual of hermoerates which is most typical ” in 
pattern has the dorsal lohe nearly identical with anticrates , wliile a specimen from 
the same locality which in pattern is almost ideutical with certain North Indian 
individuals of anticrates has the dorsal lohe much narrower. 

(8) There are no intergradations between the form of the ventral ridge of 
aristeus parmatus , aristeus aristeus^ and rhesus on one side, and aristeus anticrates 
and aristeus hermoerates on the other. 

(4) The two Eastern subspecies, pannatus and aristeus , geographically the 
nearest related, are identical in tin* genital armature and conspicuously diifereut in 
pattern. 

(5) The two subspecies, anticrates and parmatas , inhabiting the extreme parts 
of the range are in pattern closely related, and in the genital armature very 
different. 

14. Papilio alcinous from Japan, the Loo Ckoo Islands, Formosa, and China ; 

Nov. Zool. 1895. t. VI. 

China is inhabited by several forms related to the Japanese alcinous , namely 
confusus , impediens , plntonius , and mend us. Of these we shall take here into 
consideration only the first, confusus , which differs externally in the d from the 
Japanese Papilio iu the body being more extended red. especially in the front of 
the head being clothed with red and with black hairs (while in the Japanese insect 
the head is all black), and iu the submarginal spots of the hindwing being generally 
more brilliant red. The Formosa specimens agree with this Chinese form in colour, 
and so do the individuals from the Loo Ohoo Islands. The examination of the 
harpes of a long series of Chinese and Japanese individuals led to remarkable 
results which are laid down in Vol. II. of this journal. The result* were as follows: — 

The harpe of the black-headed Japanese insect is, in all specimens examined, 
very different from the harpe of t lie ( ’hinese individual*, except in one individual 
which has the harpe like the < 'hinese specimens. 

The red-headed Loo ('boo specimens have the harpe like the black-headed 
Japanese specimens. We have here, therefore, a combination of the external 
characters of the Chinese form with the genital characters of the Japanese form. 

Amongst the red-headed Chinese specimens one was found in which the harpe 
has the dentate ridge of the Japanese form and (in' free apical process of the 
normal Chinese form, and hence combines the characters of the harpe of the red- 
headed Chinese and hlaek-heuded Japanese Fnpilios. 
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The faets are i»rie£ly as follows : — 

(1) Japan : Head black. llarpe with dentate ridge, without free apical 
process : one specimen like (3). 

(g) Loo (’hoo Islands : Head as in (3). llarpe as in (l). 

(3) China aud Formosa : Head red. llarpe without dentate ridge, with free 
apical process ; one specimen with dentate ridge (= 1) and with free apical 
process (= 3). 

The only inference from these facts logically possible is that neither the red colour 
of part of the hairs of the head, nor the form of tin* harpe, is in the Papilios in 
question of speeilie value. The present case reminds one strongly of that of 
P. sarpeiht* as explained on p. 47s. 

15. Papilio aristolochiae ; f. *0 to 95. 

The group of Papilios to which the present species belong.** has the valve lunch 
reduced ; tlie haipe does not vary to any extent, while, the unrna (dorsal part of the 
tenth segment, according to Peytonrean) is very variable. To show the amount of 
variation in one of the species, we figure the uncus of three Sikkim individuals 
of P. aristolorhiat' arhtoloc/nae (f. to ss), of three Samhawa specimens of 
I\ arixtolorhine attsfromn/Ja na* (f. 89 to 91). and of four Biiugnran examples 
of P. a rixtolor/nar nntip/wx (f. 9*^ to 95). The variability of the uncus within each 
subspecies of arixtolorfuae is so great that we fail to perceive any character in that 
organ which could serve to distinguish tin* three (in external features easily recognis- 
able) subspecies by. 


/>. Female Genital Armature. 

Peytonreau,'* in his researches on the morphology of the last segments of the 
abdomen of the female Lepubptcra , comes to the conclusion that there arc, as in the 
male j ten segments, the anal segment of th q female imago, consisting of two lateral 
pieces comparable in form to the valves of the male and having the function of a 
protector of the anus and the orifice of the oviduct, being homologous to the ninth 
and tenth segments of the pupa and larva; the orifice of the oviduct has the same 
position as the penis underneath the anus between the ninth and tenth segments. 
The variation nf the anal segment is of no importance for our present purposes. The 
oritice of the vagina is separated from the oriliee of t lie oviduct, ami is situated 
between the seventh and the eighth segments; in consequence of the development of 
the eopnlntory apparatus the eighth, not the seventh, segment has undergone great 
changes. The form nf the segment, as well as of the vaginal armature, is in a live 
specimen easily perceivable when one gently presses the abdomen ; in a dried-up 
individual the. apparatus is concealed, being entirely removed into the vaginal cavity, 
tin* opening of which is closed by the seventh and eighth segments being in contact. 
As it was, in the first place, not the aim of our researches to find characters in 
the morphology of the abdomen by which the higher divisions in the system of 
f.cpidoptera, such as families aud subfamilies, could be distinguished, hut to try 
whether the morphological characters nf the la^t segments could lie made use of in 
diagnostic work relating to the lower degrees of division, genera and species, and 
particularly whether within the limits of a species there was in the copulat on- 
apparatus a variation similar in kind and extent to that of the male organs of copula- 
tion, it was necessary to study the organs in question in sifa, in order to he able to 

* Sec note, p. nil. 
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compare the position and direction and the outline of the homologous part* of the 
apparatus of the allied insects, and thus to he aide to observe minute differences in 
tin* most nearly related forms. As in live specimens, or in individuals shortly after 
death, a pressure of the abdomen sufficed to bring the organs in question fully in view, 
it was evident that a method of preparation of dried specimens would be successful, 
if the iutersegmental membranes of the end of the abdomen were so relaxed that the 
whole apparatus could be pushed out without destroying the connection between the 
several organs. The method of preparation we employ is quite sufficient for our 
purpose, and has the great advantage of being very simple. We cut off the last four 
segments, soak them in hot alcohol and water, remove the egg*, scales, etc., with the 
help of a pin and brush, press the segments gently, and leave the abdomen in alcohol 
and water until the segments are freely moveable ; then we press the head of a pin 
from the inside of the abdomen against the vaginal bulb, and push it gently out, 
taking care that the membranes do not get torn. The eggs and the hnr&t cojmhitnj' 
ought to be preserved. 

While in a live specimen the membraneous and the more ehitinised parts in the 
vaginal region are easily distinguished by their colour, in a dry individual all the 
parts are more or less brown, and, though the strongly ehitinised organs are recog- 
nisable by their gloss, the exact limits between the membrane and the ehitinised 
pieces which it connects are often obscured. 

According to the development of the eighth segment the Eastern l’apilios can 
be divided into two groups — such in which the eighth segment forms a complete 
ring without longitudinal sutures (f. 1*2), and such in which the ventral plate is 
absent. To the first group belong nearly all those Indian and African species exa- 
mined in which the first subcostal nervnle of the forewing anastomoses with the 
costa, except P. nnnularumx and allies, and to the second group all the other Pupilios 
examined, inclusive of Troides — Urmthopteru . The combination of an obvious 
character in nenration with a still more conspicuous particularity in the development 
of the eighth abdominal segment of the females of the species allied to ayamemnatt* 
sarpedon, coefnts, f/r/sfeuS' and antlphates of the lndo-Anstralian Region, and of 
out he US' leoniihts , pytadeS' etc., from Africa, indicates certainly more than mere 
similarity in form. 

The special copnlatory apparatus consists of processes, ridges, tubercles, and 
folds near the vaginal orifice, all more or less ehitinised, often dentate and hook- 
shaped. ft is not a modification of the ventral plate of the eighth segment, but is an 
independent structure of the iutersegmental membrane. The variety of the apparatus 
in the various species is startliug, as a glance at t*. lob to Isg will show. The 
oritiee of the vagina, marked r in the figures on PI. XIX.. has in the diverse groups 
of Pa pill o a different position ; in P ulcinou. s, philosenus, and allies, it has a 
ventral (rerte basal or anterior) (f. ITU), in podalirtns and allies (f. IM) a more 
dorsal (reefe apical or posterior) position. 

The variability of the copnlatory apparatus we explain by figures only of four 
species ; this must suffice for the present. But to demonstrate ithe classitieatory 
value of the armature we give figures of seven more species. 

Id. Papilio machaon; f. lob in l.V.i. 

The figures are taken from a British individual. When examining the iuter- 
segmental membrane which bears the orifice of tin* vagina and the ehitinised pre- 
hensile apparatus we perceive (f. 15?) a somewhat lyriform or horseshoe-shaped 
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buckle (Ijj, which is a chitinised portion of the membrane itself, and does not protrude 
free ; its ventral ami lateral edges form a slightly raised ridge, as can be seen in 
f. 156. The ventral part of this buckle is produced into two processes (//). which 
are thin in a dorse-ventral sense, but divided longitudinally into a left and a right 
half, which stand at a blunt angle to one another in consequence of the middle line 
of (be process being more dorsal thau the lateral edges. At the base each pro- 
cess is const rioted (f. 15>). while the edge of the apical half is armed with teeth, 
lu a side view the process (1‘. 156 and 159) appears plainly as a dilatation of 
the buckle h . The vagina r (f. 159) is behind the middle of the. median piece of 
the buckle, and marked in f. 157 behind the two processes as a black spot. 

The series of females examined has not been very great, and hence we do not yet 
know whether there is not some variation in tlie form of the armature in the various 
subspecies. From what wc have seen we must conclude that if there is such a varia- 
tion it must be very slight, as neither the European and Asiatic nor some American 
forms of 1\ mac ha on presented any obvious deviation from what wc have figured on 
PL XIX. And this would he entirely in accordance with what we have found in the 
male genital armature of//wc7*ffCw,asfar as a distinction between the genital armature 
of the various subspecies of this species goes. We can safely say that in P. machaon 
from Europe and Asia — 

(1) There is no character in the genital armature of both sexes of any of 

the subspecies by which the greater percentage of the individuals 
could be distinguished : 

(2) There arc obvious characters in the colour and pattern of the wing 

and body of each subspecies by which the greater percentage of the 
individuals, hilt not every specimen, can be distinguished. 

The genital armature of P. authus is entirely different from that of machaon .* 

17. Papilio polytes; f. 160 and 1 61. 

The female of this species is polymorphic; wo have examined the three female 
forms from Ceylon and North India, the two forms from Borneo, the three from 
the Philippine Islands, and also a single specimen of each of the subspecies from 
Celebes, Saugir, Sulla Islands, Amboina, and llahnaheira. 

There is a good deal of individual variation in the apparatus of l\ jwlytes, but 
this variation is entirely independent of the colour and pattern of the wings, and 
hence the various forms of th of male of each subspecies must be pronounced to be 
identical in the genital armature ; ¥-f. remain s, ?-f. eyrns % and ? -f. polytes do no! 
present any character in the vaginal armature by which one form is distinguished 
from the ot her, and so it is with ? -f. the sens and ?-f. drills, and so on. 

The intcrsegmcntal membrane (f. 100) is just underneath the eighth segment 
at each side thickened and corrugated, the corrugated portion having an elongate- 
ovate outline ; round the oritiee of the vagina there is a low ridge continued 
upwards to the hinder etui of the corrugate mark ; this ridge is raised into five 
processes, one ventral and two on each side lateral. The form of the processes is 
visible in f. 161, which represents t lie apparatus flattened out and viewed from the 
anal side : the ventral process is rounded, the lateral ones are sharply pointed, 
the lower one is the longest. The length of the lateral processes is variable. 
Above the vagina there is a rounded tubercle, t , present in all allies. 

* This confirms Ur. Seitz’s opinion that xnlhus i* not a vciy near relation of machaon. See $oc. Knt., 
1h:»5. j». 130. 
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The various subspecies do not exhibit any obvious difference in the form of the 
ridge, except perhaps the forms from the Moluccas. We have examined only one 
individual of the two subspecies from Amboina and Hahnaheira. These individuals 
showed some difference in the length of the lateral teeth ; but as in the Indian, 
Borneau, and Philippine insects, of which we have examined several specimens, the 
teeth vary according to the individual specimens, the difference in the Ilalmaheirn 
and Amboina examples can just as well be due to individual as to subspecific 
variation. In the male sex we have found that the various subspecies arc in the 
genital armature connected by intergradations, but that nearly all the specimens of 
each subspecies are pretty well recognisable by the form of theharpe. In tli e female 
sex the difference in t lie vaginal armature, if present, is certainly much fainter; but 
we shall see later on that the difference corresponding to that in the harpes does not 
exist in the chitinised processes, but in the folding of the membrane, and is, when 
slight, not perceivable in consequence of the shrivelliug of the membrane in the dry 
specimens. 

IS. Papilio ambrax : f. 3 OJ. 

Though in pattern the female of this species comes very near that of P. polytes 
nicanor , so near indeed that entomologists like Kirsch and Snellen have mistaken 
it for polyte. s*, there is a constant and very conspicuous difference in the vaginal 
armature of the two species. F. 102 represents the apparatus of a specimen 
from Xew Gniuea ; the ventral process a of f. 101 is here wanting, and this 
character we have found to be constant in all the twenty odd femn lea of ambrax 
examined. Besides, the lower lateral tooth is generally somewhat shorter than in 
polytes. The variability of the ridge is similar to that of polytes. The Queenslandian 
snbspecies does not, to our knowledge, present any distinguishing character from the 
New Guinean subspecies in the form of the ridge. 

The representative species from the Bismarck Archipelago and the Solomon 
Islands we have not yet examined. 

19. Papilio aegeus ; f. 103 to 169, 170. 

The individual variability of the vaginal armature is in this species very 
great, while an examination of a longer series of specimens from New Guinea 
{aegeus or menus) and Queensland {aegeus a eg cits) proved that the variation accord- 
ing to locality is very slight. The vagina is surrounded by three high processes 
which are dilatations of a high ridge. The portion and general form of the armatmv 
is represented by the half-diagrammatic figure IGo. The ventral process is the 
largest, and is narrowed from the middle towards the base and the apex ; the apical 
half is dentate, divided by a median sinus into two lobes of variable length (f. 100 
and 107), and is curved dorsally (f. 163); ventrally the ridge is, like t lie processes 
of P. mar ft a art, longitudinally concave, and is provided with a rounded middle keel 
(f. 104, m) which does not reach the apex. The lateral process b is seldom 
simple in outline; mostly it is more or less strongly dentate (f. 100). Above the 
orifice of the vagina c there stands the supravaginal tubercle t. The intersegmental 
membrane is, moreover, raised into a vertical fold/(f. 103 and i 64). which stands 
in connection with the vaginal ridge. 

a. P. aegeus orme/u/s: f. 10,> to 100, 170. 

The female of this subspecies is polymorphic. As in the case of P. polytes , 
we have found no characters in the genital armature peculiar to one or the other of 
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The female of this subspecies is polymorphic. As in the case of P. polytes , 
we have found no characters in the genital armature peculiar to one or the other of 
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t lie female forms. Tim specimens ti«rnrecl arc from near Dorey, Dntcli New Guinea. 
In f. ICG the left lateral ridge is not drawn : the ventral process of this 
specimen is at the apex much dee ] mr sinuate than that of f. 1 04, and the lateral 
process is much broader and multidentate, while the process is not dentate in 
f. 1 03 and IG4. The anal segment and the supravaginal tubercle t is represented 
by f. 1 7G. 

b. P. aegeus aegeus : f. 10? to I OH. 

The female of this subspecies is monoinorphic in colour and pattern. The 
variability of rhe vaginal armature is illustrated by f. 107 to ] 00. The ventral 
process is slenderer at the base than in a eye. us or menus, and the lateral process 
lias mostly on the outer side a slightly raised carina (f. 108 and 1GH). In f. 10? 
the teeth of the lateral and ventral processes, and in f. I OH those of the lateral 
process, are mostly obliterated ; the dentition of the lateral process represented 
in f. 16^ is restricted to the upper edge. 

20. Papilio rnmanzovins ; f. 1 To and 178. 

There are four series of species of Papilios which are closely allied to one 
another, the groups of P. memnon, P. ftegeus , P. <fei ghohus, and P. lampsacus. We 
represent for comparison the female sexual armature of a species of the first three 
groups: the close relationship of the insects in question finds an expression in the 
similarity of the genital armature of male and Jemale. 

F. 170 is taken from a specimen of P. rnmanzorim ?-f. rumanzorius. The 
ventral process is broadest towards the base, its apex is irregularly truncate, 
the dentition of the process of negem (f. 1GG to 1 OH) is absent : the median keel 
on the ventral side of the process of aegeus is here separated into a number of 
irregular, longitudinal, slightly raised folds and wrinkles. The lateral process is 
less high and leans over dorsal ly. The supravaginal tubercle, which in negeus 
(f. 1TG) is small, and near which the membrane is inobviously folded, is in 
rumunzorius large (f. 17*). and the membrane between it and the anal segment 
(ix. -f x.) is regularly and heavily folded transversely, the folds being limited 
laterally by a longitudinal fold. 

21. Papilio raemnon; f. 171 to 17b, 177. 

Like P. polgtrs and P. aegeus orme/atSj this species has a polymorphic female 
in most localities; we have examined a number of tailed and tailless individuals from 
North India, Java, Nias, and Borneo, and come to the same conclusions as in the 
case of the two before-mentioned Papilios, that the subspecies are extremely 
slightly different in the female genital armature, and that the various forms of the 
Jemale of each subspecies do not exhibit any characters in the vaginal apparatus 
peculiar to one or the other of the forms. The individual variability is as great, or 
even greater, than in or menus. 

The chief features by which the vaginal armature of memnon can be distin- 
guished from that of aegeus, to which it comes rather near, are as follows : the 
ventral process is broader basally, and the median keel of the underside (ventral 
side; is widened out laterally into two ridges which rise under a small angle from 
the plain* of the main process (f. 172, m). Tin 1 lateral process (/>; is higher 
than in P. aegeas , and divides very often at its dorsal edge in an outer (f. 174 and 
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] 7a, o) and inner ridge (u). The outline of the ventral and lateral ridges is very 
variable, as f. 172 to 175 show. 

The supravaginal tubercle and the anal segment are represented in f. 177 ; 
the tubercle is similar to that of J\ aegeus , but it is surrounded by two rather heavy 
folds which in aegeus are scarcely marked. 

22. Papilio alcinous ; f. 179 and ISO. 

The vaginal orifice is more ventral than in the preceding species, and the 
armatnre is very simple. Just above the vagina the membrane is smooth and more 
strongly chitinised, and bears a roundish impression (f. 179, i). From the lower 
edge of the eighth segment downwards extends a broad fold,/, which is also more 
chitinised than the rest of the intersegmental membrane, especially at two points 
where the fold has a bnlbose appearance. 

We have examined but two individuals each of the Chinese /\ (demons con] mu* 
and the Japanese P. (dcinous t dcinous , and find ^ome obvious distinguishing 

characters between the two subspecies. In the Phinesc form (1. l>t)J the mem- 

brane nnderneath the orifice of the vagina is strongly iolded longitudinally, in the 
Japanese insect the membrane is smooth there ; the supravaginal impression 2 is in 
confusus small, in alcinous large; the lateral fold is in confusus extended down to 
the ventral side as a conspicuously raised fold, while in ala nous the ventral portion 
of the fold is only slightly raised. A specimen from the L 00 CI 100 Islands we unfor- 
tunately could not compare. 

In the so-called nauseous species of Papilio allied to < dcinous , phdoxenus . and 
nri&t oloc/tiac the vaginal armature is as a rule very simple. 

23. Papilio podalirius ; f. 1S1. 

We figure the end of the abdomen of this European species for two reasons : 

first, because it enables the reader who is not acquainted with the exotic Papilios 

to compare the two common European species; and secondly, because the form ol 
the eighth segment is entirely different from that of the Asiatic P. a nd plates, 
aristeu&i etc., which bear a superficial resemblance in pattern to P. podulinu. s*. 

The vaginal orifice is more dorsal, or rather apical, than in the preceding an 1 
following species here dealt with ; the membrane round the orifice is strongly 
chitinised, forming a round plate-like organ, the edge of which is raised ; the 
middle portion of the organ gradually raises and is highest just underneath the 
vaginal orifice; near the ventral edge of the eighth segment the edge ol the discus- 
like organ fuses together with a strong oblique fold which is parallel to the ventral 
margin of that segment. The latter itself is incomplete, then 1 being no ventral 
plate to it, hut the posterior lateral angles almost meet above the vagina; the 
segment thus stands in development intermediate between the preceding species and 
the species here following. In the American allies ol I\ podahrias a/aj\ etc.) 
the eighth segment is as in podtdi rius for nearly so), and not as in anti plates 
and a risteus^ which have it as in f. l s >2 (or nearly so). In P. leosthcnes from 
Australia the segment agrees on the whole also with that oi podahnus* and has also 
in 1\ mandarinus no ventral plate, lienee, in the development ot the eighth 
abdominal segment podalirius , leant hears, ajax, would be more nearly related to 
one another than to nristeus , antheus, etc., a statement which stands in direct 
opposition to the kind of relation at which Professor Eitner arrives by his inter- 
pretation of the wing-pattern ; while, on the other hand, the absence ol a ventral 
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connection of the lateral plates of the summit in podalirius, mandarinus, ajax , 
leosthenes is. to n certain exteut, in favour of Fimer’s opinion that there is n 
cIo>e relationship between the first two and between the last two species. 

24. Papilio sarpedon; f. 1*2 t«» 1*4. 

The ventral portion of the eighth segment covers the vaginal region root-like. 
The intorseguiental membrane bears a vertical strong fold ( /'), and there is between 
the fold and the vaginal orifice a strongly ehitinised, smooth, impression (?). The 
margin of the orifice of the vagina is slightly raised laterally and produced ventrally 
into a process (^/), the form of which will be seen from f. 1*3, which represents 
the organ viewed from the dorsal side. F. 1*2 and 1*3 are drawn from a 
Japanese individual. F. 1*4 is taken from a specimen of 1\ sarpedon ehoredon 
from Queensland; the process is broader at the base, and the angles at the apical 
>inns are more rounded ; the difference between 1. 1*3 and 1*4 is slight, but seems 
to be fairly constant. We have not found any difference between the processes 
of P. sarpedon sarpedon, sarpedon semi fascia (us, sarpedon teredon , and sarpedon 
milon (!). The individual variation in the form of the process is extremely slight 
in the specimens examined. 

25. Papilio aristeus ; f. 1*5 and 180. 

We have examined some Qneenslandian females of P. aristeus par mat us . and a 
female of P. aristeus hermocrates from Kalao (between Celebes and Flores); both 
subspecies agree in the form of the eighth segment and in the genital armature, but 
in hermocrates the outline of the ventral (median) piece of the summit is indicated 
by a fine ridge. F. 1*5 and 180 are taken from a Queensland example. 

The vaginal armature consists of two ehitinised lappets (f. 186, a and a ') which 
protrude ventrally, aud of which the lateral edge runs upwards as a strong ridge, 
which is homologous to the vertical fold of f. 1*2, to the ventral margin of the 
eighth segment. 


20. Papilio macfarlanei; f. 187 and 188. 

At each side of the vagina there is a broad and strongly ehitinised ridge (y ). 
homologous to the vertical fold of f. 1*2, and bearing on the uppers ide a covering 
of irregularly folded small lappets. The margin of t lie vaginal orifice is ventrally 
produced into a bifurcate process (a in f. 1*7 and ]**) which corresponds to the 
two lappets of tig. 1*0. 

27. Papilio agamemnou; f. 180. 

The apparatus is similar to that of /\ marjarlanei , but the fork-like process 
has no stem and is connected with the folded intersegmeutal membrane (n) by a 
short bar visible in f. 180 between the two branches of the fork. Wc have not 
noticed any variability in the armature of this species. 

Though our researches on t lie genital armature of the female sex of Papilio are 
quite incomplete, we are nevertheless justified in drawing some general conclusions 
from the facts of variation illustrated by f. 156 to 1*0. 

(1) The prehensile apparatus consists of the armature of the orifice of the 
vagina, and the special folding of the intersegmental membrane. 
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(2) The folds of the iutersegtQent.nl membrane cannot he studied from the dried- 
up individuals in such a manner that one perceives the minute differences between the 
folds of t lie individuals; to this purpose it is necessary to compare live specimens, 
or material preserved in an adequate fluid. The armatnre of the valve of the made 
is during copulation pressed against the intersegmental membrane of the female^ 
and the spines, hooks, processes, etc., of the valve find a hold on the ridge-like folds 
of the intersegmental membrane ; this is plainly visible in a 6 and ? of P. me muon 
in the Tring Museum which are still united to one another. The special armatnre of 
the vagina takes hold on the internal portion of the ninth segment of the male and 
on the scapbinm. There is sometimes a peculiarly shaped, broad, vertical, ehitinons 
plate underneath the scapbinm, for example in the males of the yellow Troides 
(— Ornithoptera '), such as T. he lewis, to which a long and strong ventral hook in 
the female corresponds. 

(3) One would expect that the variation of the harpe in the male is in the 
same species accompanied by a corresponding variation in the female in those parts 
which during copulation are in contact with the harpe ; hence the variation in the 
female genital apparatus parallel to the variation in the male harpe must he 
searched for in the special kind of folding of the intersegmental membrane, while 
the variation in the outline of the processes and ridges at the mouth of the vagina 
can have nothing to do with an adaptation to the special form of the harpe. 

(4) In the only species examined in which the harpes vary very conspicnonsly 
according to locality, in P. a In nous , the intersegmental fold of the ? on which 
the harpe takes a hold is found to be different in the Chinese and the Japanese 
subspecies. 

(5) Thongh the individual variation of the vaginal armatnre is often great 
(P. aer/eas and mem non), a variation according to locality is not observed, or L 
slight. 

(0) In species with polymorphic females the vaginal armature is the same in 
the various females (apart from individual variability). 

III.— CONCLUSIONS. 

The demonstration of the kind and the extent of the variation of the genital 
armature in both sexes of some species of Poflio which is contained in the pre- 
ceding chapter, notwithstanding the fact that our researches are still incomplete and 
our notes on the vaginal apparatus even preliminary, enables ns to compare the 
variation of the genital armatnre with that of other organs and to draw with 
safety some general conclusions. If we almost restrict the comparison to the 
colour, pattern, and shape of the wings, mentioning only the prominent characters 
of the respective insects, we do so in order to avoid unnecessary detail, and 
secondly, because the distinguishing characters of species, subspecies, and aberra- 
tions of butterflies as given in the works of Lepidopterists refer especially to the 
wings. 

As the true basis of work in Natural History is the comparison of specimen 
with specimen of the lowest classifieatnry entity, the species, a study of the genital 
armature has to begin with the comparison of the armature of such individuals 
as are doubtless specifically the same. To determine the limits of variation of 
the genital armatnre of a species is a difficult ta<k. Though the number of 
specimens of the commoner species conld easily bo enlarged without any great 
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pecuniary sacrifice, the student of the variation of an internal organ, which is not 
visible without dissection, is at a great disad vantage compared with the student of 
external characters, because his series of individuals is always taken at random ; he 
has no security whatever that, amoug the hundreds of specimens which perhaps 
are at his disposal, there are really individuals which in the genital armatnre 
represent the extremes of that species, or come near the extremes : while, on the 
other baud, the specimens conspicuously aberrant in wing-pattern, or colour, or 
shape, are recoguisod and preserved by collectors, which gradually results in an 
accumulation of individuals which fairly represent the various degrees, inclusive of 
the more extreme ones, of the variation of the species in external characters. 
Hence it is by no means to be wondered at that there are so many individuals 
known which in external characters stand far outside the usual limits of variation 
of the respective species, while the internal genital armature seemed to vary only 
within very narrow limits. On the contrary, it must surprise ns that we neverthe- 
less did succeed in finding among our specimens such individuals as exhibit in t he 
genital organs characters so widely divergent from the normal of the respective race 
of Papilla that the individual not only forms a transition to another geographical 
representative, but goes in the development of the peculiar character even beyond 
allied forms. The specimen of P. carped on carped on (f. 101, 102, 1<»3) and those 
of P. alcinous figured on PI. VI. of Yol. II. of this journal (f 1 1 and 13) arc such 
u unusual v varieties, which perhaps are in nature not rarer than individuals that 
in external characters come close to, or are identical with, one of the allied forms; 
and we have no doubt that a continued investigation in the matter will bring to light 
varieties in the genital armature which iu the degree of divergency are equal to so- 
called sports. The individual variability found in our series of British P. machaon to 
amount to 4n per cent, in the gradual increase of the length of the prehensile portion 
of the harpe, and in Palaearctie mnehaon to 7'< per cent., is quantitatively scarcely 
inferior to the variation exhibited in external characters, and the same applies to the 
other Papilios dealt with in the preceding chapter. In the female genital armature 
we meet with an equally great variability in many of the species, especially in all 
those which have a more complicated armature ; the variability of the complicated 
apparatus, which consists of spines, hooks, dentate ridges, and so on, appears 
generally to be greater thau that of a simpler armature, because the difference 
between the apparatus of two individuals is more easily perceivable in a com- 
plicated than in a simple organ, even if the difference in the latter expressed in 
proportional numbers is greater than in the former. 

If we group the individuals of a species from one locality according to the 
similarity in the genital armature, and then again according to a conspicuous 
external character, the first scries of groups and the second are not the same ; we 
have found again and again that specimens similar in a certain character in colour, 
pattern, or shape of wings have no particularity in the genital armature in common 
by which they are distinguished from the individuals that do not possess that 
external character; specimens aberrant in wing-pattern may be normal in the 
genital armature, and individuals abnormal in the latter may he normal in the 
former. The harpe of P. anjeus or men us with a band on the throwing is the same 
as in the aberration without the band; P. euchenor euchenor ah. cate op ins does not 
differ in the harpe from the ordinary male : P. polytes borealis ah. thihettnus has a 
normal harpe, and so on. Still more obvious is the independence of the variation of 
the genital armature in the species with polymorphic females ; the various females 
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of mem non , tailed and tailless, those of polytes. and also those of aeqeas ormenus, 
though individually very variable in the vaginal armature, agree with one another 
(respectively) in these organs. Marked dimorphism, in which the two forms are not 
connected by intergradations (tailed and tailless female of P. niemnon), we have not 
noticed in the genital armature, unless f. 171 and 173, in which the lateral ridge 
is not divided, and i\ 174 and 175, in which the lateral ridge is divided into the 
two ridges o and a, represent a kind of dimorphism ; both the simple and the 
divided ridge oecnr in tailed as well as in tailless individuals of P. memnon ; inter- 
gradations between the two development* of the lateral ridge are unknown to us, 
but may occur. 

Of equally great interest are those cases in which a specimen of a certain 
subspecies resembles another subspecies externally, but stands further away from 
this subspecies in the genital armature than another specimen does that externally 
is dissimilar to the subspecies. We recall to mind the two individuals of P. nristeus 
hermoernte s from the Shan States mentioned on p. 4s7, and add that, if variation 
in pattern and variation in the sexual organs were in any way connected with one 
another, one would have expected that the paler individual resembling certain 
Sikkim specimens of anticrates had the dorsal lobe of the valve broader than the 
other individual, which in pattern is like dark Philippine examples ; as, however, 
just the reverse is the case, the broader dorsal lobe of the valve and the narrower 
and shorter black hands of anticrates , and the narrower dorsal lobe and more extended 
black bands of hermocrates, must be considered as independent characters. 

it is possible that there are species in which a great variability, resp. constancy, 
of the pattern of the wing is associated with a great variability, resp. constancy, 
in the sexual armature, but ><> much is certain that in all the species we 
have examined there is no correlation between the directions in which the wings and 
the sexual armature vary. Hence we may pronounce it as a general law that the 
direction of the variation of the yenifal armature irithin a species of Papilio is 
entirely independent of the variation of the irinqs. 

Wo need scarcely mention that this law applies also to other Lepidoptera ; our 
researches in groups other than Papilio are, however, so limited that we prefer for 
the present to express the law as above. It would be of great interest to study the 
variation of the genital armature of specimens which have artificially been exposed 
to transmuting factors, such as heat and cold, and to compare the results with 
those arrived at by the examination of the individuals roaming at large. Most 
probably the artificially produced colour-varieties will be normal in the genital 
armature. To this conclusion we are led by the experience gained from the 
examination of seasonally dimorphic species. We paid special attention to the 
oopulntory apparatus of such species with the hope of finding in one or the other 
Papilio differences in the ap] >aratus of the spring and summer brood (or broods), 
but completely failed to come across a species which, both in the wing-markings 
and in the sexual organs, showed seasonal dimorphism. The spring forms of the 
Japanese P. machaon , P. xuthus , and P. sarpedon arc in the liarpe and tin 1 vaginal 
armature the same as the differently coloured respective summer forms, and so it is 
with the Sikkimese species which exhibit in the wings a marked seasonal di- 
morphism (/\ sarpedon, clotnithns, ent qpylus, bathyrles). In the case of winter 
and summer forms it is therefore evident that the influences which bring about a 
change in the wings have no apparent e licet on the sexual armature. This cor- 
roborates the above statement of the independence of the variation of t lie sexual 
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organs and the wing-pattern, and opens a wide field for theoretical research, 
inviting at the same time to a comparison of the seasonal with the geographical 
variation. 

In the introduction we have mentioned the degrees of geographical variation 
observed in Papilios ; the lower degrees, called above localised aberration, concern 
the colour, pattern, and shape of the wings, and cannot he expected to be noticeable 
in the genital armature without long-continued research; we have therefore to do 
only with the higher degrees of geographical variation of a species which is termed 
subspccifie variation. 

The valve, when of the usual more or less triangnlar outline, does not exhibit 
obvious snbspecific variation ; while the variation according to locality is con- 
spicuous, when the valve is divided into lobes, as is the case in P. sarpnlon, 
aviate US) and others. The variation is such that the specimens from a certain locality 
are generally well distinguished from the specimens of a certain other locality; 
but if we take individuals from all the various districts inhabited by the respec- 
tive species, the lines of delimitation of the various forms become mostly obscure and 
disappear. North Indian specimens of sarpedon and individuals from Sambawa are 
at once distinguished by the form of the valval lobes, but examples from Lombok, 
Java, and Sumatra overbridge the gap; Qiieenslandian and Sikkim aristens arc in the 
dorsal lobe of the valve quite dissimilar, but specimens from the interjacent countries 
foima continuous series of intergradations between those two extremes. The armature 
of the valve varies in a similar way. We have cases in which the prehensile organ 
of part of the individuals of the various localities has some peculiarity; thus in 
Great Britain the prehensile portion of the harpe of a good many specimens of 
P. mnehaon is long, while in many individuals from Syria the dentate portion is 
very short ; the snbspecific difference in the harpe of P. aec/cus from New Guinea 
and Australia is very slight and applies only to part of the specimens. In other 
species the differences between the individuals from various districts become more 
constant, so that with very few exceptions it is possible to tell from the examination 
of the harpe from which place a respective specimen came. While in other cases 
again, such as J\ batb/clcs , the individuals examined were constantly different in 
the harpe according to locality. 

The localised peculiarity in the harpe is. therefore, found iu many, or in 
nearly all, or in all the individuals from the respective locality, and when the 
distinguishing character applies to all the specimens, there occur intergradatious 
either in other place* (/'. aristens), or intergradatious are unknown (P. bath/cles ). 

In the jenta le sex the armature at the mouth of the vagina does not vary so 
obviously according to locality as the harpe of the male does ; but when the 
difference in the harpes of the snbspecies is very conspicuous, as in P. aleinous 
a lei no ns and P. aleinous con/usus , the difference in the corresponding part of the 
vaginal bulb is also prominent. 

If we keep in mind that the variation of the copnlatory organs is independent 
of the variation of the wing-characters, it is to be expected that a division of a 
species into subspecies will result in a different number of subspecies according 
as we take for the basis of division solely the wing-characters, or the genital 
armature, or both united; and it would likewise not be surprising if in a certain 
case the number of subspecies inhabiting a certain region would by both divisions be 
the same, but the lines of division be dilferent. Among the species we have 
examined the latter phenomenon did not occur ; when the numbers of the snbspecies 
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were the same, the limits of division were also the same, whether the delimitation 
of each subspecies was carried out according to the wing-characters, or according to 
the apparatus of copulation. This result is most probably owing to the areas to 
which the various subspecies of the Papilios examined are restricted being mostly 
islands. 

Hence we can accept it as a general rule applying to most subspecies that the 
distinguishing characters taken from the wings are associated with distinguishing 
characters in the genital armature, at least in the male sex. There are, however, 
many exceptions to this rule, in so far as a good number of subspecies characterised 
by some certain peculiarity in the wings have no peculiarity in the apparatus of 
copulation. The Chinese specimens of 1\ sarpedon, so very conspicuously aberrant 
in pattern, are in the valve and harpe identical with the Indian and Japanese form 
of sarpedon ; the Moluccan subspecies of J\ aristetrs, though in the extent of the 
markings very different from the Queenslaudian representative, is in the sexual 
organs the same ; so that in an arrangement of the forms according to the develop- 
ment of the apparatus of copulation of the male , P . aristeas un'sfeus and P. art's teas 
parmattu and i\ sarpedon sarpedon and P. sarpedon semij'asctotus* would have to 
be united. We meet, further, many subspecies which in external characters are 
conspicuously and almost constantly different, while there is only a slight and very 
inconstant character of distinction in the genital apparatus. We have foil ml it 
correct in all the species examined that, if in a given species the character of 
distinction of a certain subspecies lies in one only of two independently varying 
organs, wings and apparatus of copulation, it is invariably the wing which exhibits 
the character by which the subspecies is distinguished. This coincides in a remark- 
able manner with the above observation that seasonal dimorphism does not affect 
the sexual armature in the case of the North Indian and Japanese Papilios, and 
renders it certain that the effect of (seasonally or geographically) isolated trans- 
muting factors is first noticeable in the wing-markings, and that accordingly the 
transmutation of a species begins with a change in the wing-markings. Hence it 
is also correct to say that in an evolutionistic sense the wing-markings are less 
constant than the genital armature, and that consequently a difference iu the latter 
constantly met with in the individuals of two forms of Papilio is much more likely 
to be of specific value than a difference in the wing-pattern, a conclusion which 
borders closely upon one of the main objects of our researches, the question as to 
the classificatory value of the sexual armature, which we will now briefly discuss. 

J. Taxonomic Value of the Oboans of Population. 

As our researches have proved that there is a certain amount, of individual varia- 
tion in the sexual armature, the limits of which can, as we have seen above, only be 
determined by continued examination of a large material, and as we further have 
found that there is geographical polymorphism in the organs in question iu which the 
localised forms are connected by intergradations (P. sarpedon sarpedon aud adonnr- 
e nsis , ]\ art's feus Iter/nocn/tes and anticratex), the premisses of t lie discussion of 
the question which characters are and which are not of specific value arc precisely 
the same as in the case of external characters, deferring to what we have said in 
the introduction about our means of recognition of specilic distinctness, it will be 
sufficient to recall to mind the fact that the presence of a character in a certain form 
not met with iu other forms is a priori not a proof of the respective form being 
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specifically distinct from its allies, and that it is circumstantial evidence which has 
to guide us, in the absence of* experiment:*, in our judgment. Now, what is the 
evidence we derive from the examination of the organs of copulation ? 

We know the larval and imagiual state of a good many IVpilios. and are able 
to base on our knowledge of their organisation, quite apart from the characters of the 
organs of copulation, a classification in which the most nearly allied species are, 
with a certain degree of correctness, grouped together. If we now compare of a 
well-studied group such forms about the specific distinctness of which we do not 
entertain any doubt — if, for example, we examine the sexual armature of P. memnon, 
mayo, oenomonSs polymne.<fo/\ lampsarus^ ruwnnzo eius, etc., which in their general 
organisation are all more or less closely allied to P. memnon, or take 1 for examination 
/\ anti phi ties and androeles, or P. arixtoloehiue and P. polydorus , or the various 
yellow species of Troides ( = Ornithoptera ') — the lirst thing we notice is that the 
imagines of each species exhibit, besides the distinguishing characters in colour and 
structure externally visible, also characters in the genital armature peculiar to the 
respective species. As we have not found amongst all those species the specific 
distinctness of which we could deduce from characters other than such of the organs 
of copulation a "ingle exception to that rule, we hope we are justified in generalis- 
ing the statement that every species of PapUio is different from every other 
species in the sexual armature : and this generalisation we believe the more con- 
fidently to be correct as also in other groups of Lepidoptera specifically distinct 
forms are characterised by some peculiarity in the oopnlatory organs, although the 
difference between allied species is sometimes — for example, among Ayanaidac — 
very slight. If the generalisation is correct— Le. if every form that is, according to 
our definition of the term ** species." specifically distinct, which, we repeat, can only 
he prowl bv experiment, and we will assume the generalisation to he correct — then 
it follows necessarily that forms which are identical in the genital armature are also 
specifically identical, if we apply this conclusion to the species of PapUio exter- 
nally polymorphic, it is evident that the genital armature of male and female is an 
excellent criterion of specific identity. The various varieties of the male of 
J\ f (eye us or menus from New Guinea, of Troides priamus poseidon from the same 
country, of P. memnon, and so on, many of which have been described as distinct 
species, are thus easily demonstrated to he specifically the same. Still more 
important is the application to the female sex. The numerous species with poly- 
morphic females which so often arc quite unlike each other, as in the case of 
P. tnemnon. P . aeyeus ormenus, P. poly fen, and the African P. phorcan and me rope . 
and some American species — an examination of the genital apparatus of a number 
of specimens will at once make it clear whether the forms in question belong 
certainly to one species, or whether they eventually can belong to more Species. We 
say intentionally ** a nnmber of specimens,” for the examination of one example of 
each form is quite inadequate, and may lead to entirely erroneous conclusions. 
I\ 171 and 1 T:> give an excellent illustration, the first being taken from a tailless 
example of P. mem non ayenor from Sikkim, and the other from a tailed specimen 
from the same locality. Now, considering that f. 107 represents a species very 
different from memuon , it would 1>\ no means be preposterous to conclude, if one had 
to judge only from the three figures and the conspicuous external differences of the 
specimens, that f. 171 and 1 7 -i represented likewise specifically different lhipilios. 

It will generally -he quite sufficient to examine a number of individuals of one of the 
forms, and to determine thus the probable limits of variation : the vaginal apparatus 
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of a specimen of another form, if specifically the same as tin* first, then will most 
probably come within the limits of variation of the first ; if it stands outside those 
limits one has to examine some more specimens. It is perhaps not unnecessary to 
repeat that the tailed and tailless females of P. memnon have been proced by rearing 
to belong to one species. 

The second point which strikes one when comparing the sexual armature ot 
species of the same group or closely allied groups, and which is of no less great 
practical consequence, concerns the fact that the species which we must regard as 
more or less close relatives on the ground of their general organisation bear in 
the structure of the organs of copulation (inclusive of the modified eighth segment 
of the female) a greater resemblance to one another than to the species which stand 
further away in the system. Representative species, such as P. aristeus and rhesus: 
aegeus , tgdeus, gambrisius, inopinatus ; euehenor and depilis, etc., have the organs in 
qnestion built up after exactly the same plan, and the differences exhibited by these 
representative species in the organs of copulation are often not only far less obvious 
than the external differences of the species, but are sometimes so slight that the 
degree of divergence between two species is less than the degree of diver- 
gency between the extreme individuals of one of the two species; we refer for 
illustration to the figures given of the harpes of P. aegeus and inopinatus , polgtes 
and ambrax. In less closely related species the similarity in the sexual armature 
is not so great as in those representative species which are phylogeuetieally younger 
forms ; the organs are more divergently developed, and the peculiar modification of 
one or the other part of the apparatus often obscures the actual homology, so that 
the organs superficially compared are very dissimilar in appearance. Nevertheless 
a comparative study at once shows that the superficially dissimilar apparatus are 
developments of the same type. In P. sarpedon and clou nth us the close relationship 
of the valves and harpes (f. DO and 14U) is obvious. In aristeus (with rhesus, 
f. 72 to 82) the organs are more strongly modified, but the homology of the single 
parts with those of P. clou? (thus is not difficult to perceive : untiphutes has the organs 
again similar to those of aristeus, and the externally very dissimilar P. <h dessert i, 
leucothoe, and xe nodes resemble aristeus in the structure of the male organs to a 
surprising extent, the principal prehensile parts of the valve consisting in these 
species, as in aristeus and antiphates, of a ventral dentate ridge, a subdorsal pro- 
cess, and the dorsal lobe of the bipartite valve, which parts respectively are 
homologous to e, c, b of f. 72 (aristeus). The vaginal armature agrees in this 
respect with the male armature ; here again the most closely allied species have a 
greater similarity in the organs in question to one another than to less nearly related 
species: P. ambrax and polgtes (f, 1 0 1 and lfio) ; /\ aegeus , rumanzocius, and 
memnon (f. 100, 170, and 171); P. sarpedon , aristeus, agamemnon , and macfarlnnei 
(f. lo2 to 187) illustrate this fact sufficiently. Although it would seem to follow 
from these statements that the degree of blood-relationship of two species to a third 
could easily be made out from the degree of similarity in the form of their organs of 
copulation, this inference of the facts would nevertheless be hasty and most probably 
erroneous, if we generalised the conclusion so as to apply to every species. Our 
researches convince us that it is true that in every group of closely allied species of 
Papilio the characters of the three independently variable organs, wing, liarpe of 
male, and the vaginal armature o i female. are such that each of these organs 
of every species is morphologically closer related to the respective organ of every 
other species of the group than to that of any species standing outside the group. 
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Hut within the group a species could very well he nearly related to another in the 
pattern of the wing, while it comes in the structure of the copulatory organs of the 
male or female closer to a third species, so that the relationship of the species inter se 
would appear to be different according as we take as the standard of arrangement 
the deviation in the one or the other organ. 

If, however, it is true that the species which belong to the same group (of 
allied species) are in the genital armature more similar to one another than to the 
>pecics of other groups, we have consequently to conclude that the organs of copula- 
tion arc a safe guide to determine to which group a species belongs, which means 
that these organs can he made use of in generic classification. The great help which 
the genital armature affords to the sysfematist is beautifully illustrated by those 
species which bear to each other a superficial resemblance in pattern, such as 
1\ clytia and leucotkoe or macareus , 7\ rhesus and philolaus, which on the ground of 
the alleged relationship in pattern have been considered allied species. Though a 
careful examination of the wing-markings soon convinces ns that we have here and 
in many other Papilios to do with an analogous development in pattern, as in the 
ease of mimetic forms, which does not indicate blood-relationship, the demonstration 
of the dissimilarity in the morphology of the organs of copulation of those super- 
ficially similar species will be a more convincing guide in which direction the actual 
relationship is to be sought for. 

Having thus arrived at the two conclusions, firstly, that identity in the sexual 
armature means specific identity, and secondly, that close relationship in these 
organs points to generic identity, the question arises, whether there are in the 
organs of copulation of specifically distinct Papilios, as opposed to specifically non- 
distinct forms, characters which a priori could be recognised as being of specific 
value, and hence would enable ns to draw up a general rnle applying to every case 
by which specifically distinct forms could be distinguished from specifically identical 
forms. The occurrence of individual and geographical variation in the copulatory 
organs, the latter kind of variation always associated with an independent variation 
in the wing-markings, renders it alone highly improbable that a general distinction 
between specific and subspeeilic characters is possible. A comparison, however, of 
the degree of divergency between subspecies with the degree of divergency between 
closely allied species proves that the quantitative amount of divergency between 
specifically identical forms can be superior to the quantitative amount of divergency 
between allied species. /'. inopinatus differs in the harpe (f. 1*2) not so much 
from certain examples of l\ aeyeus as some of the latter do from one another 
(f. -1, o) ; the difference between the harpe of P. yobjtes polytes (f. I s ) and 
P, polytes ulpbenor (f. 33) is greater than that between P. polytes and /\ ambrax 
(f. Ib"), 37) : the difference between /\ aristeus par mat ns and P, aristeus anticrates 
in the harpes (f. 73, 77>, M, <s3) is not inferior lo the difference between P. aristcus 
anti crates and P. rhesus, which latter is considered to he a species distinct trom 
aristcus (f. s*2, M). If, however, there arc such cases like these in which that 
difference which is the greater in quantity is the smaller in quality (in respect to 
specific distinctness or non-distinctness), it consequently follows that it is impossible 
to say a priori which degree of quantitative divergence in the organs of copulation 
is in all Hapilios of specific value. Hence a peculiarity observed in the sexual 
armature of an individual can he ail aberrational, a subspeeilic, or a specific 
peculiarity; which of the three it actually is, we can learn only from a earctul 
weighing of all the evidence. We have said in the introduction that the evidence 
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remains quite incomplete as long as we do not know the limits of variation of the 
forms iu question ; as these limits, however, can he made out, to a certain degree of 
correctness, only by comparing many individuals, it becomes self-evident that the 
question whether a certain peculiar character found in the genital armature of au 
individual or a number of individuals indicates specific distinctness or not, can only 
be decided with a certain degree of correctness when the variation of the sexual 
armature of the allied forms is known, ?>. after the examination of a great material. 

'When we said above that the degree of relationship between a number of closely 
allied forms could very well appear different according as we take tin* sexual 
armature or the wing-pattern as a guide in the arrangement of the forms, we did 
not give illustrations, because we had to recur to the phenomenon. If it really is 
true that there are cases in which two forms are in colour and markings t he most 
closely related, while the structure of the genital armature stands in opposition 
to this relationship, pointing in quite a different direction, a comparison of the 
characters of the wings and the characters of the apparatus of copulation of the most 
closely allied forms, which are always geographical representative forms, with the 
aim of deducing the different relationship as indicated by similarities in the one or 
in the other organ, must throw a highly interesting light upon those questions which 
relate to the probable history of the geographical distribution and the origin of those 
forms. 

B . Phenomena in the Variation or the Organs of Population Relating to 
Some Questions of the Ideographical Distribution of Animals. 

When we speak here of representative forms, we do so regardless of their being 
specifically distinct from one another or not ; whether a geographical representative 
lias reached the degree of divergent development, which we call specific, or is still 
a subspecies, is of no importance for the following discussion ; the important point 
is, that there are differences between the representative forms. 

Now, when we see that some Indian and Australian representatives are very 
similar in colour to one another and dissimilar to the forms inhabiting the inter- 
jacent countries, does that mean that the Indian and the Australian forms have 
separated after the more dissimilar representatives had branched off’? When we 
find the (Jelebensian mountain form of P. sarpedon to bear a much greater resem- 
blance in colour to the form inhabiting the Snnda Islands than to the form found on 
Celebes at lower elevations, is it correct to conclude that the Celebensian mountain 
form is a descendant of the Snnda Island form and indicates that there was at a 
former period a closer connection between Celebes aud the Snnda Islands ? When 
we observe in a great number of cases that the Javanese forms are similar to tho?>e 
from Malacca, while the forms from Sumatra and Borneo again are similar to one 
another, have we to infer from this fact that there was at one time a land-connection 
between Malacca aud Java independent of Sumatra and Borneo? When \\ est Africa 
and Madagascar are inhabited by two representatives with a narrow and interrupted 
band, while the East African form has a broad and uninterrupted baud, can we 
conclude that the Madagascar form is the ancestor (or descendant) of the West 
African form? When, finally, we find Central America, the (heater Antilles, the 
Lesser Antilles, and Venezuela inhabited each by a representative bird or Papilio, 
and notice that in colour the forms from the lirst and third and the forms from the 
second and fourth localities are respectively similar, arc we justified in so inter- 
preting the fact ns to say the Lesser Antilles have received the bird or insect from 
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Ventral America, while the form of the Greater Antilles is an immigrant from 
Venezuela ? We are not going to deny that in a given ease applying to one or the 
other of those questions an affirmative answer could he in accordance with the actual 
history of the origin of the respective form : hut we shall endeavour to explain that 
similarities between representative forms are capable of being explained otherwise, 
and that there are many cases in which the agreement of two forms in respect to a 
certain character must be explained otherwise. Let us then inquire into the facts 
brought to light by our researches on the Eastern Papilios. As in the body of this 
paper the tacts wo have to refer to have been more fully dealt with, it. will suffice 
to mention them here briefly without going in for a description of the organs 
concerned. 

Papilio alcinous alcinous from Japan is represented on the Loo (’boo Islands 
by l\ alcinous loochooanus and in Ghina by l\ a lei nous confusus, There arc two 
prominent characters by which the forms are distinguished : alcinous has a black 
head and a dentate harpe, loochooanus a red head and a dentate liarpe, and confusus 
a red head and a non-dentate liarpe. In the colour of the head, therefore, 

loochooanus agrees with confusus , while iu the liarpe it agrees with alcinous ; lienee 
the relationship deducilde from the similarity in colour of the head is directly 
opposed to the relationship indicated by the harpe, and it would be equally incorrect 
to say that loochooanus is a descendant of confusus on account of the similarity in 
colour, or to conclude that it has descended from alcinous because the liarpes are 
the same: there would be just as much probability of correctness, if we consider 
only the naked facts here adduced, in the assumption that alcinous is the offspring 
of loochooanus , which itself descended from confusus . or that the reverse expresses 
the phylogenetic connection between the three forms, or that the three localities 
were inhabited at a former period by one form which later on became differentiated 
into the present three Papilios. 

Papilio bathycles chirou from Sikkim, Assam, and Burma, and P. bathycles 
bathycloides from Malacca, Sumatra, and Borneo, arc not always distinguishable in 
pattern, there occurring often specimens which, according to the wing-markings, 
could be regarded as belonging either to the one or to the other subspecies. 

The Javanese representative 1\ bathycles bathycles stands in pattern not so 
close to bathycloides as this does to chirou . In the karpes bathycloides and bathycles 
come very near each other, while chirou exhibits a conspicuous difference from 
both in the development of the dorsal process (f. 4b to 50). lien* again the 
form inhabiting the interjacent districts is more similar iu the male copulatory 
organs to the one, in colour to the other representative. 

The three subspecies of P. cloanthus inhabiting respectively Ghiua {*' l y menus')^ 
North India and Burma (cloanthu. *), and Sumatra (sumatranus), when arranged 
according to the similarity in pattern, would stand thus : rly menus — cloanthus — 
snmtt trams, whereas in an arrangement according to the development of the harpe 
cloanthus would come first: cloanthus — cly menus — Sumatra nus . 

The numerous subspecies of P, sarpedon provide us with a number of inter- 
esting facts, 'flic Papuan form choredon of sarpedon inhabiting Australia and 
New Guinea (inclusive of the islands near it) bears in colour and pattern a rather 
close resemblance to the specimens of the spring brood of sarpedon sarpedon from 
North India, but is distinguished from the Indian form in the shape of the valve 
and harpe, iu which organs choredon is similar to anthedon from the Southern 
Moluccas. The latter, however, differs in colour from choredon , agreeing in that 
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respect with di n/ita/ensis from the Northern .Moluccas, which again has t ho harpe 
and valve different from those of unified on , and is moreover distinguished from its 
colour-ally by the presence of an additional red spot on the underside of the hind- 
wing. This spot is present only in dodintjensis and the two (Jelebensian forms, 
milon found at lower elevations, and montPolus discovered recently at higher 
elevations on Monut Bonthain. The mountain form monticolns agrees in colour 
with sarpedon sarpedon from India and the Suuda Islands, also with tin* three 
representatives from the lesser Snuda Islands, comes in the shape of the band »*f 
the forewing near doditajensis, agrees in the size of the third spot with timon /si*, 
stands in the male genital armature intermediate between tnilon and doditnj - //.>*/. s. 
and bonce differs in this respect obvdonsly from sarpedon , has the before-mentioned 
red spot like mi Ion and dodinpensis, and differs from mi Ion conspicuously iti the 
shape of the wings, in which it agrees with sarpedon from the greater Suuda 
Islands. Would it really be possible to infer from such characters which contradict 
each other, pointing each in a certain direction of its own, the history of the origin 
of choredon* dodintjensis , monticolns , etc.? Does not such a mixture of relations in 
opposite directions rather indicate that the similarities and dissimilarities found in 
representative forms are no signs of a closer or less close phylogenetic connection, 
and that we have to search for another explanation of the phenomena which will 
meet the contradiction of the characters ? 

Papilio ar interns anticrates from North India resembles the Queensland iau 
representative par mat us so much in pattern that Professor Eimer in his somewhat 
superficial work on the Papilios allied to podalirius (* k Schwalbeuschwauze ") did 
not perceive the slight differences ; whereas iu the development ol ihe valve ami 
harpe anticrates and parmatus are opposite extremes. The forms inhabiting the 
interjacent countries are all much darker, and therefore have a closer resemblance to 
each other than to antic rates and parmatus (apart from some iutergraduate examples,. 
Hence the forms geographically widest apart would, according to the colour, be the 
nearest ki related." The valve and harpe, however, are iu parmatus exactly as in 
the externally different aristeus from the Moluccas, which agaiu could be inter- 
preted as being an expression of close relationship. Iu hermocrates from Burma, 
Borneo, the Philippine Islands, and the lesser Suuda Islands, the genital armature 
stands somewhat intermediate between that of antierates and parmatus, but agrees in 
the form of the ventral dentate ridge obviously better with that of the first. As 
hermocrates and a listens are connected by iutergnnlatious (occurring in Burma) in 
the wing-pattern as well as in the genital armature, ail arrangement of the four 
allied forms according to the similarity in pattern would he thus: parmatus 
(Queensland and New Guinea) — anticrates (India) hermocrates (Borneo, Philippines, 
lesser Suuda Islamls) — -aristeus (Moluccas); while the arrangement according to 
the similarity in the organs of copulation would he this : anticrates hermocrates 
n risteus — parmatus . 

The representative occurring on the island of Celebes (and some islands smith 
of it) is treated as a distinct species (by Eimer even as belonging to a widely 
different group). In the wing-markings it agrees best with hermocrates, hut haN 
mostly one band less ; in t lie forewings being falcate it comes again closer to 
hermocrates, which is also geographically the nearest form, than to aristeus, 
antic rates t or parmatus . As rhesus is an exaggerated development of /\ aristeus, 
differing from it in a similar way as androcles (Celebes) does from antiphates (India 
aud Malayan Islands, Philippines, Moluccas), it sounds very reasonable to consider 
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it to have developed from that form of P. aristeus io which it comes nearest in the 
hefore-inen tinned points, namely from P . aristeus hcrmocratcs. An examination of 
the valve of the male shows, however, that there is also very good reason to deduce 
rhesus from P. aristeus aristens or p anna tux. The ventral dentate ridge is in the 
eastern forms (rhesus, aristens, parmatus) half-ring-shaped (f. 83, 84), and at a 
glanee distinguishable from the smaller, only slightly curved, ridge of the western 
forms (antirrates and hermocrates , f. 73, 74); as intergradations in the two kinds 
of ridge are unknown (although we have examined a great many individuals), the 
constant difference in the ridge would be regarded by many systematists as ju>ti- 
fying a specific separation of the western forms from the eastern ones, in which case 
P. rhesus agreeing in the ridge very well with the eastern forms, apart from minor 
differences, would appear to be closer allied to aristens and parmatus than to 
hermocrates and anticrates , and hence could be considered a descendant of P . aristeus 
aristens from the Moluccas. 

If we take A, J> , C as three geographical representatives, a x and a., as the 
different degrees of development of the wings of these forms, and b x and h.> as the 
different degrees of development of the organs of copulation, the several cases above 
adduced, which we think sufficiently illustrate the questions we are to deal with, can 
be pnt diagram in atica 1 1 y as follows : — 

B 
a \ 

bi h, | b. 

The dilemma arising from the contradiction of the characters of geographical 
representatives allows a satisfactory solution, if we take into account, firstly, that 
according to the theory of evolution the peculiar modifications of the organs of 
a certain animal are partly inherited and partly acquired, and that therefore a 
similarity between two forms, and a dissimilarity, a priori neither prove nor 
disprove a close phylogenetic connection of the forms ; and secondly, that when 
the similarity between two forms is due to inheritance the character common to 
the two forms is inherited either by both independently from the common ancestor, 
from which also other forms which have lost that character have descended, or 
by one of the two forms from the other. The conclusions generally deduced in 
systematic and other works from the similarity and dissimilarity of geographical 
representatives in respect to the Geographical Distribution of Animals as a science 
(not as a mere statement of lacts) are to our mind mostly based on the erroneous 
assumptions, firstly, that every similarity is due to inheritance, and secondly, that 
the presence of a peculiarity in two forms must necessarily be due to the common 
character being inherited by one of the two forms from the other. Let us, then, 
brielly inquire iuto the question of the probable origin of the similarities and dis- 
similarities of allied forms, and try to arrive at a correct estimate of their actual 
value in our judgment of the relationship of the forms in which they are observed. 

If wc recall to mind that the development of a species into more species is 
possible only by means of isolated transforming factors associated with a more 
or less complete prevention of the affected portion of the species from interbreeding 
with the original stock, the distinguishing characters of locally separated allied 
forms, which wc must regard as the outcome of the transformation of a common 
ancestral form, must be due to the effect of isolated evolutionistic factors of any 
kind present in the district inhabited by each single representative form. It is quite 
possible that when a species separates thus, first into subspecies and then into 
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representative species, one of the descendant forms remains identical with the 
original form ; hut considering that in all widely distributed groups of representative 
forms a considerable time must have elapsed before the insects could spread over 
the whole area — for instance, from North-West India to the ►Solomon Islands — it 
is at least in such cases more probable that the form now inhabiting the country 
where the ancestral form lived has also more or less changed in characters. And 
this is the more likely to be true as we know from experiments that the time required 
to bring about a change in colour in Lepuloptera is very short, and as we further 
know that a change, within a short time, has taken place in the famous Porto Santo 
rabbits, some birds, and a great number of plants. From the comparison of 
seasonal forms, which are the more different the greater the contrast of the seasons 
is, with artificially produced varieties, we can with safety conclude that the 
degree of divergency of representative forms largely (not entirely) depends 
on the intensity of the transmuting factors, and that therefore a wider gap 
between two otherwise allied forms does not necessarily imply that the two animals 
or plants have been separated for a longer time than less different allies. As 
it is also well known that the intensity of the biological factors does not gradually 
increase or decrease as we proceed from one (geographical) extremity of the range 
of a group of representative forms to the other extremity, it is evident that, the 
degree of diversity of two forms can be independent of the geographical position 
of the areas inhabited, and that the more similar forms can live widely apart, while 
the more dissimilar forms may live closer together. 

Though the differences between representative forms are the effect of the 
action of some kind of local biological factors, it does uot follow with necessity that 
the respective factors are found in every place where a certain form now occurs ; 
on the contrary, we have instances that species when living under different con- 
ditions do not show any change in their characters. For example, the island of 
Ivalao, south of Celebes, is inhabited by the Celebeusian Papilla rhesus, and the 
Kalao individuals are to our knowledge not distinguishable from the Celebes rhesus. 
The other species of Papilio found on Kalao (and Djampea, which is close by) are 
all conspicuously different from the Oelebensian representatives, and have mostly 
developed to peculiar forms uot known (as such) from anywhere else ; hence there 
must be biological factors peculiar to those islands which have not had any ell ect 
on P. rhesus. That rhesus is a true Oelebensiau iusect (i.e. originated Irum the 
ancestor of P. aristeus on Celebes) is virtually proved by its characters being quite 
analogous to those of many other Celebctisian forms. Curiously euough, on the 
island of Djampea, which lies north of Kalao and thereiore is somewhat closer to 
Celebes, Mr. A. Everett obtained no specimens of rhesus , but a long series ol the 
Malayan representative P. aristeus he rmoc rates, duriug the same month when 
he found a good series of individuals of P. rhesus and no hermocrates on Kalao. 
The fact that rhesus is the same on Celebes and Ivalao admits three explanations: 
(1) The biological (transmuting) factors are in respect to rhesus the same on both 
islands, which would mean that on Djampea, as inhabited by a representative, the 
corresponding factors must be different. (*i) The biological laetors are different on 
Celebes and Kalao, but the characters acquired by rhesus under the action <>t the 
Celebensian factors have become inheritable. (T) The characters oi rhesus and its 
representatives are not acquired under the influence of biological laetors. 

If, however, a change in the biological factors does uot uecessarily imply that 
a chauge iu the characters of every living being will take place, it is intelligible 
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that in geographical representatives, which live under the influence of different 
biological factors, one or the other character can remain unaffected. When this 
takes place independently in several forms which represent each other, the preserved 
character of the common ancestor renders those forms more similar to each other 
than to the other representatives which live under conditions that have modified 
the respective character, while the actual blood-relationship is the same between 
all the forms. On the other hand, it conld also he thought possible that, when a 
species gradually spreads over a larger area and develops into a number of repre- 
sentative forms, now and again a character acquired by a new form A occurring in 
locality M will remain unaltered in form B living in locality S which is a 
descendant of A ; in this case the presence of the same character in forms A and B 
wonld imply that the forms are closer connected with one another than /> is with 
any other ally except its own descendants. However, if we admit this case to occur, 
wc should maintain that an acquired character is inheritable when the conditions 
which have brought it into appearance are absent, and we thus should decide 
offhand the much-contested question whether acquired characters are or are not 
inheritable. Notwithstanding we believe that ultimately the inheritance of acquired 
characters will be proved, the contest clearly shows that it is in every ease a mere 
assumption, if we conclude from the presence of the same character or similar 
characters in two representative forms that one of the two is the parent, the other 
the daughter form. 

If divergency is the effect of transmuting factors, conld uot similarity also be 
the outcome of biological factors in different districts? Many facts, for instance 
the similarity of desert forms, point to au affirmative answer; but we have an almost 
certain proof furnished us by the experiments* of Standfuss, who succeeded in 
breeding under artificial conditions from ordinary European Lepidoptera such forms 
as come close to their geographical representatives. As Standfuss was able to pro- 
duce from our common Vanessa antiopa specimens similar to the Central American 
form (thomsoni), there can no longer lie any doubt that a similarity iu a character of 
the representative forms of a species can come about iu widely separated countries, 
and will come about when the conditions are favourable. 

Taking iuto account all the points here adduced, it seems to us obvious that all 
the evidence points to one eud, namely, that the similarities and dissimilarities 
exhibited by representative forms are not an expression of closer or less close phylo- 
genetic connection, but an expression of the similar or dissimilar effect of the action 
r>f the different and similar biological factors on the organs in every locality. If we 
apply this conclusion, which is a necessary consequence of the assumption that the 
theory of evolution is correct, to the facts observed in the Papilios, t here is no 
longer any contradiction in the characters of the wing and the characters of the 
organs of copulation. That Papilla aristeas a nticratcs from India agrees with the 
Papuan representative in the colour, but disagrees with it entirely iu the harpo, 
that the Chinese P . cloant h us is in the harpe more similar to the Sumatran than to 
the North Indian form, that P. mrpedon teredon from ('ey Ion and South India 
agrees best in the wings and genital armature with the forms occurring on the lesser 
Snnda Islands and disagrees widely with the form inhabiting all the interjacent 
countries, that the Nicobar form of P. atjamnnnon is in the presence of a scries of 
red spots on the underside of the hindwing similar to the representative from the 
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Solomon Islands (1), and so on, is no more miraculous than the fact that there is 
seasonal and local variation. 

Now, when we observe, for instance, that the Chinese P. curypylus agrees best 
witli the Andaman form of that species, and that the ( ’hiuese P. antiphates comes 
close to the Ceylon form, while in both cases the representative inhabiting North 
India, Burma, and Tenasserim is different, it would certainly sound preposterous to 
explain the similarity in characters by assuming that there was at a former period 
a land-connection between Ceylon, the Andaman Islands, and China independent of 
Continental India. If we concede that this explanation cannot possibly be accepted, 
and that consequently the similarity finds a correct explanation in the assumption 
that it is merely the consequence of the similar effect of the biological factors — the 
effect is positive in respect to the characters which are modified, and negative in 
respect to the characters which are not modified — of Ceylon, the Andamans, and 
China, it is not difficult to perceive what great bearings the questions here discussed 
have on the Geographical Distribution of Animals. Before proceeding to draw the 
consequences, let us for a moment consider what is the aim of the study of the 
Distribution of Animals. 

“ If we keep in view . . . that the present distribution of animals upon the 
several parts of the earth’s surface is the final product of . . . the wonderful 
revolutions in organic and inorganic nature," says Wallace,* ... u it will be 
evident that the study of the distribution of animals and plants may add greatly to 
our knowledge of the past history of our globe. It may reveal to ns, in a manner 
which no other evidence can, which are the oldest and most permanent features of 
the earth’s surface, and which the newest. It may indicate the existence of islands 
or continents now sunk beneath the ocean, and which have left no record of their 
existence save the animal and vegetable productions which have migrated to 
adjacent lands. It thus becomes an important adjunct to geology. . . . Our present 
study may often enable us, not only to say where lands must have recently dis- 
appeared, but also to form some judgment as to their extent, and the time that has 
elapsed since their submersion." Indeed, the distribution of animals and plants, 
especially if the extinct forms are also taken into account, illustrates wonderfully 
the past history of the earth’s surface, and the main object of the study of the dis- 
tribution of animals and plants is to arrive at conclusions as to the probable past 
changes in the geological features of the earth. This has so plainly been recognised 
by nearly all recent systematists, as a glance in a volume of the Proceedings of 
the Zoological Society or of the [his will show, that, when dealing with a certain 
group of animals from a certain locality, they endeavour to draw from the affinities 
in the fauna of the respective district with that of other districts conclusions 
relating to the geological history of the locality, and it is very generally assumed 
that similarity in the components of the fauna of two areas means elose 
geological connection, while great dissimilarity means long geological separation. 
iSo true this is in a great many cases, so erroneous is the generalisation. Neverthe- 
less it has very often been entirely lost sight of that the present distribution oi 
animals and plants is, to use Wallace’s words, “ the final product oi revolutions in 
inorganic ami organic nature," and that accordingly the ditlerences in the fauna oi 
neighbouring districts and the similarities in the fauna of geographically widely 
separate areas can be quite independent of the geological history ot the region in 
question. If we now recall to mind what we have said above about the similarity 
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and dissimilarity in the characters of representative forms, it will lx* evident that the 
difference in the fauna of neighbouring districts is due to two kinds of entirely 
different factors, geological and biological factors, and that the stmlv of the 
geographical distribution of animals and plants consists of two branches — the 
geological branch , which has to do with such discrepancies in the fauna and tlora 
as allow conclusions to be drawn as to the geological transformation of the 
districts in question, and the biological branch , which lias to do with those other 
differences from which we can draw conclusions as to the transformation of the 
animals and plants in question. And now we can extend our former conclusion that 
differences in the characters of representative forms which stand in close phylo- 
genetic connection are an expression of the differences in the biological factors of 
the districts concerned, to those forms which are representatives in a biological 
sense and exclude each other in consequence of a similarity in habits, and again to 
those which cannot exist beside one another in the same district, because they an* 
so different in habits that they require a respectively different environment. It is 
certainly conceivable that the absence of woodpeckers, which abound in the lndo- 
M ala van Region, from the lesser Sunda Islands (and all the islands farther east) 
could be due to the presence of cockatoos, which are, like those, hole-breeders, though 
we do not maintain that this similarity in habits is the actual reason of the two 
widely different groups of birds excluding each other in that region : while, again, 
the discrepancy in the composition of the West African from the East African fauna 
is readily explained by the former being a wet forest country, the latter an open and 
dry country, and the affinities which the West African forest region has in the fauna 
with the Indo-Malayan Region, and the analogous affinities of East Africa with 
Western India, are consequences of similar physiographical conditions of the 
countries, just as the difference in the characters of the West African, East 
African, and Malagassie morphologically allied representative forms — which 1 shall 
call morphological representatives, as distinctive of biological representatives — are 
due to differences in the transmuting factors of the respective districts. The con- 
trast. in which these explanations of fanuistic discrepancies stand to the explanation 
of those discrepancies which are caused by geological factors is strikingly illus- 
trated by a comparison of the fauna of Madagascar with that of Africa, in so far as 
we have rightly to conclude from the absence of the large Carnivora and Umjalatu , 
so abundant in Africa, from Madagascar that this island must already have been 
isolated from Africa by a wide sea-arm at that time when those animals immigrated 
from the North into the Aethiopian Region. 

The difference in the fauna of various districts is further dependent on the fact 
that different animals are, as said before, affected by the transmuting factors of a 
certain locality in a different degree, so that often some forms are, while some are 
not, modified in characters. We have consequently to take into account also the 
physiological constitution of the animals when treating upon zoogeographical 
questions, lienee it is evident that the result of the division of the earth's surface 
in zoogeographical areas must lie different according as we take the faunistic dis- 
crepancies depending on the geological factors as the base of division, or those 
differences which are caused by the biological factors; and again, if we take the 
biological division, it is obvious that the extent of the areas must be quite different 
according as to which animals are taken into consideration. 

Although Wallace lias emphasised, throughout his Geographical Distribution OJ 
Animals, the high importance of t lie geological branch of zoogeography relating to 
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the past history of the earth and its inhabitant? , the minor zoogeognipliieal districts 
have by most authors been delimitated according to differences which are the effect 
of biological factors. < Considering, however, that different environment, such as 
forest, opeu laud and desert, fresh and salt water, naturally gives subsistence to 
different animals, and that therefore physiographic-ally different districts a priori 
are known to have a different fauna, the division of tin* earth’s surface in 
such zoogeographies^ districts as are identical with physiographical districts 
(Sharpe’s W'est African Subregion = district covered with forest ; Merriam's 
Sonoran Subregion of North America = arid country) is as such of very little value, 
concerning more the geographer than the zoologist. And taking further into 
account that we now know perfectly well that in every district where the physin- 
graphieal (and meteorological) conditions are different from those of other districts 
these differences are accompanied by modifications of the characters of some of the 
animals, the simple statement that a certain number of the inhabitants are different 
from the representative forms of the adjacent districts is, like the mere record of 
the discrepancy in the composition of the fauna, of little consequence for science, as 
from those statements as snch no new general conclusions can be drawn. The 
biological branch of the study of the geographical distribution of animals, therefore, 
must have another aim, and that is to be to Zoology what the geological branch is 
to Geology, namely an adjunctive science which, by a comparative study of the 
differences in the environment and those in the animals, may help greatly to find 
the causal connection between the modifications in the organs of the animals and in 
the environment (in the widest sense), aud thus could reveal to us the history of the 
descent of the forms of animals. 

For the sake of illustration let us apply these conclusions to the Papilio fauna 
of a small area, for instance the lesser Sniula Islands. We select this group of 
islands for two reasons : firstly, because the discrepancy existing between their 
fanna and that of the larger Sinaia Islands has been accounted for by Wallace by 
geological factors ( Wallace's line) ; and secondly, because our conclusions derived 
from the I J apil ios stand in opposition to those which Wallace derived from the 
avifanna. As a complete exposition of the zo< (geographical relations of the islands 
between Lombok and Timor* would be much too extensive for our present purpose, 
we will restrict the discussion chiefly to the two questions : (1) what conclusions can 
we draw from the comjiosition of the Papilla iauna of the lesser Suuda Islands with 
respect to the geological history of the group of islands ? aud (2) is there anything 
in the distinguishing characters of the Papilios which can serve to solve a question 
relating to the plnlogeny of auimals ? 

The islands of Lombok, Samba wa, Sumba eastward as far as Letti and Moa, are 
inhabited by fifty odd different forms of Pr/pilio, which we can arrange in eighteen 
series of closely allied representatives. Of these eighteen series one (canopus-ae vies) 
is distributed farther east over the Tenimber Islands aud North Australia to the 
New Hebrides, but has also some allies in the ludo-Malayan Legion; the peranthux- 
series occurs from Java to New Guinea, but is absent from Australia ; another, 
haliphron- series, is found in Celebes and not in the J ndo-Malayan Legion : a fourth, 
antiphates-iz ries, is found all over the 1 ndo-Malayan Legion, Celebes, and the 
Northern Moluccas, but is absent from the Southern Moluccas, Australia, New 
Guinea, aud the islands farther east. Seven series reappear in the 1 ndo-Malayan 

* Compare also Poherty, The Jiuttcrjl'us of Snmlm and Sambawa. in Jaurn. . I ■>* Sac. Hcng. IVU : 
Fagenstechw, Ur her die Lej/idvptvrcn von Samba and Sambawa, in Jabrb. JSass. 1 rr. 1S96. 
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and Papuan Regions ; while again seven scries are found iu the Indo-Malayan 
Region, three of them also in Celebes, all seven being absent from the Papuan 
Region. 

The lesser Snnda Islands have therefore not a single series of representatives 
which is purely Australian. From this fad we have to conclude that the immigration 
of the Papilio fauna cannot have taken place from Australia ; and as the physio- 
graphical and meteorological conditions of the islands resemble in many respects 
more those of Northern Australia than those of the larger Sun da Islands, the reason 
why no Australian types immigrated cannot lie in the biological conditions of the 
islands, and hence must be accounted for by the assumption of another barrier 
against immigration. This barrier most probably was, at the time when the lesser 
Snnda Islands became first populated by Papilios, the same which we perceive at 
the present epoch, namely the wide Timor Sea separating Timor from Australia. 

If we leave out of consideration as being indifferent the types which occur in 
the Indo-Malayan and Papuan Regions, there remain eight series of representatives 
which the lesser Snnda Islands have in common with the Indo-Malayan Region, 
and which are absent from Australia and New Guinea, four of them being repre- 
sented also on Celebes, and one also on the Northern Moluccas ; opposite these eight 
types stands one single Celebensian type that is absent from the Indo-Malayan 
Region. The Indo-Malayan element, therefore, is so strongly predominating that 
we must assume that there never existed any mechanical harrier of consequence 
preventing migration of the Papilios from the greater to the lesser Snnda Islands 
(or iu the opposite direction). 

Nevertheless there is a marked discrepancy iu the fauna of the nearest of the 
larger Snnda Islands, Java, and the lesser Snnda Islands, as fourteen Javan 
types are not represented on any of the islands east of the Strait of Lombok, while 
six types occnrring on the lesser Snnda Islands (except Lombok) are not known to 
have a representative on Java. From the fact that out of the eighteen scries of 
representatives of the lesser Snnda Islands twelve occur on Java it is evident that 
the absence of fonrteen Javan types from the lesser Snnda Islands, and the absence 
of six lesser Snnda Islands types (five of which arc represented iu other parts of the 
Indo-Malayan subregion) from Java, cannot acceptably lie explained by (he sugges- 
tion that there existed at a former period a very much wider strait between the 
lesser Snnda Islands and Java than there is now. And taking into aeconnt the 
Papilio fauna of Lombok alone,* which island has not a single Papilio type that 
is absent from Java, it is obvious that there is no evidence in favour of the as- 
sumption that the Strait of Lombok has changed in width since the appearance of 
the Papilios on the Malayan islands. It* we exclude Lombok from the lesser 
Snnda Islands, and compare the Papilio fauna of the rest of the islands with that 
of Java, there is an important numerical discrepancy which amounts to more than 
00 per cent, of the total number of the series of representative forms (as opposed to 
the total number of representative forms) inhabiting Java and the lesser Snnda 
Islands. As this amount t is very high compared with the numerical discrepancy 

* The island has recently been visited by three explorers (\V. Doherty, A. Everett, and 
IT. Fruhstorfer). 

f As Flores is Icpidopterologically almost a blank the numbers may become qnitc different in consequence 
of the exploration of this large island. The absence of many types from small islands which arc found on 
neighbouring large islands is quite natural, considering that the small islands do not afford so groat a 
variety in the conditions of life as would be required by a multitude of diverse inhabitants. 
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* The island has recently been visited by three explorers (\V. Doherty, A. Everett, and 
IT. Fruhstorfer). 

f As Flores is Icpidopterologically almost a blank the numbers may become qnitc different in consequence 
of the exploration of this large island. The absence of many types from small islands which arc found on 
neighbouring large islands is quite natural, considering that the small islands do not afford so groat a 
variety in the conditions of life as would be required by a multitude of diverse inhabitants. 
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between Sumatra and Java (about 3s per cent, of the total number), and that 
between Sambuwa and Timor (33 per cent, of the total number), and is not much 
inferior to the amonut of discrepancy betweeu the lesser Snnda Islands and 
Australia (G5 per cent.), the lesser JSnrnla Islands can be considered as a fanuistic 
district in opposition to the greater Snnda Islands and Australia ; and it is very 
interesting to note that almost the same amonut of numerical discrepancy must in 
the case of the lesser Sunda Islands and Java be accounted for bv biological 
factors, while in the case of the lesser Snnda Islands and Australia the only 
acceptable explanation is the assumption of the existence of a geological barrier 
between Australia and Timor at the time when the lesser Snnda Islands became 
populated by Papilios. 

Turning now our attention to the second question proposed above to be 
discussed, we uote that the characters of the forty-seven specifically or snbspecifically 
different representative forms of Pupil to occurring on the lesser Snnda Islands are 
such that forty-one of the forms are not found (as such) outside the group of islands, 
and hence are “peculiar” to the group. As these forty-one forms are so distributed 
that every island has some of its own and others in common with other islands of 
the group, while not a single form is identical on all the islands and at the same 
time distinguished by some peculiarity from the representative occurring on Java, 
Borneo, or in Australia, each island is in fact a small fanuistic district, and the 
question arises whether the fanuistic peculiarity exhibited by each island is not due, 
instead of to differences in the biological conditions existing on each island, to 
the mechanical separation of the islands by arms of sea, and hence finally would 
have to be referred to the action of geological factors. In the introduction we have 
endeavoured to show on a priori grounds that mechanical geographical separation 
as such cannot give rise to a new form : let ns now consider the u posteriori reasons 
which speak against the origin of forms by mechanical isolation. 

The widely distributed Pupilio so r potion has on the lesser Sunda Islands 
developed into three subspecies, one inhabiting Adouara, Sambawa, and Lombok— 
specimens from the latter island come very close to those from Java — a second 
found on Snmba, and a third occurring on Timor and Wetter. The external char- 
acters of the Timor form are such that it agrees in the shape of the hindwing best 
with the representative from < 'eylon, in the breadth of the band of the throwing with 
the Australian form, and in the special shape of the anterior portion of the band 
with monti coins from Celebes, while it bears also great alfmities to the forms from 
Snmba and Adouara. Settiug apart all the reasons brought forward against the 
theory of isolation in the introduction, and conceding, for the sake of argument, that 
geographical isolation of aberrational specimens could lead to the origiu of a new 
form of animal without the help of any biological factor, the combination of diflereut 
affinities in the wing-characters of the Timorese. Sumbanese, or Adonaranese 
so r pod on forms might be thought due to the first specimens immigrated into each 
island having accidentally possessed the respective combination of characters. As 
a combination of characters such as exhibited by P. surpedon timorensis is not found 
even in a less obvious degree in any specimen of surpedon from the larger Snnda 
Islands and Australia we have seen, and therefore must be very rare, it is certainly 
scarcely probable that just such specimen* which had that combination of characters 
should have happened to be the first to come to Timor : and this applies to all those 
localised forms, not only of the lesser Sunda Mauds, but also of all other districts, 
the characters of which point in dillercut directions. The improbability, however, 
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changes into impossibility, if we take further into account the diameters of the 
organs of copulation. We know from t he researches laid down iu the body of this 
paper that the genital armature varies quite independently from the wings and 
their markings, anil that therefore the association of distinguishing characters 
relating to the wings with such found in the organs of copulation in morph- 
ological representatives has nothing to do with correlative development ; in not a 
single case have we observed that a certain aberrational wing-character constantly 
reappearing among the individuals of a certain geographical form of Papilio is 
accompanied by an aberrational character in the organs of copulation. As, how- 
ever, most geographical races are distinguished by characters of the wings and 
characters of the genital armature, it is evident that the explanation of the pecu- 
liarities in the wing-markings of a representative form by mechanical isolation 
of parent specimens which accidentally possessed those peculiarities (in a lower 
degree) is not an explanation of the presence of the peculiarities in the organs of 
copulation of the respective form. In order to account for the fact that P. sarpedon 
timorensis is (iu the sexual armature of the male) different from all other forms of 
sarpedon, and comes in these organs nearest to the Ceylonese, Snmbancsc, and 
Australian forms, and disagrees considerably with the representatives from 
Adonara, Sambawa, Lombok, and the Indo-Malayan Legion, the theory of isolation 
would have to assume that the ancestral specimens of timorensis, uo matter whether 
they immigrated into Timur from Australia or from the Malayan islands, must 
have been distinguished by a rare mixture of external peculiarities combined with 
an equally rare character in the organs of copulation. The rarity of such a combina- 
tion in aberrations — iu fact wc never have found an aberrational individual in which 
the characters of both the wings and genital armature poiuted in the direction of 
one representative form, instead of in different directions — is directly opposed to 
the fact that most geographical races exhibit that combination ; this contradiction 
can only be solved by abandoning the assumption that the association of distinguish- 
ing characters of the wings with such of the sexual organs in localised forms is due 
to the geographical isolation of ancestral individuals which accidentally possessed 
such a combination of characters, and by accepting as the final cause of the presence 
of those characters the modifying action of isolated biological factors peculiar to 
the district where the peculiar form has originated. 

If we thus attribute the existence of differences in the characters of the speci- 
mens of the same species inhabiting different districts to the presence of a difference 
in the biological factors of the districts, the degree of divergency of the forms is 
dependent on the degree of sensitiveness of the species to the action of the external 
biological factors, as maintained by Darwin, and after him by Weismaim and others, 
in several places ; further, on the intensity of the factors ami the time they have 
been active ; and thirdly, on the degree and duration of mechanical isolation as a 
prevention of the annihilating effect of intercrossing. As a difference in the physio- 
logical constitution of various species can be proved only by rearing them under 
exactly the same external conditions, and as we do not know in the case of species 
found in the same small island whether they actually do exist under the same 
external influences, it is not possible for us to decide with any degree of certainty 
whether the difference in the amount of divergency exhibited by the forms occurring 
in the same district is due to the different physiological constitution of the species 
differently affected, or to differences in the special external conditions under which 
each species perhaps exists. Nor are we able to say whether the greater diversity 
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exhibited by a certain form is dne to the form having come under the influence of 
the biological factors of the respective district at an earlier period than another 
form which shows a less high degree of divergency, unless the sensitiveness of the 
forms has been tested by experiment. And again, the higher or lesser degree of 
geographical isolation, though often corresponding to the greater or lesser diversity 
of the isolated forms, is a factor the actual influence of which it is in a given 
case scarcely possible to estimate rightly. The great diversity of the representative 
of Papilio peranthux on the island of Sumba compared with the lesser diversity 
between the representatives inhabiting Java, Sambawa, Timor, Kalao and Djampea, 
Celebes, etc. ; the high degree of specialisation of the representative of PnpiUo 
memnon on Timor compared with the lesser degree of divergency of the forms 
occurring on Sumba, Sambawa. Lombok, Java, etc.; the absence of a difference 
between some Lombok and Java forms of Papilio which on the other lesser Sunda 
Islands have developed divergently, compared with the presence of a difference in 
other Lombok forms; the great similarity between the specimens of Pupilio sarpe<hn 
found in the area extending from NAY . India to Lombok, the gradual transition to 
the more divergent Adonara form, and the obvious divergency in the pattern and 
shape of the wings and the sexual armature (of the S) of the forms inhabiting 
Sumba, Timor, and Wetter respectively, compared with the great diversity of so 
many forms in N. India, Sumatra, Java, Lombok, Sambawa, and Adonara ; the 
identity of the Malayan form of PapHio arhteub on the Philippines, Borneo, the 
lesser Snmla Islands, and the island of Djampea, compared with the great diversity 
exhibited in the same area by Papilio memnon and other species, and so on, are 
phenomena which seem to us most readily explainable by the surmise that the 
diverse species are sensitive in a different degree to the external biological factors; 
while the surprisingly great divergency of so many Celebeusian Papilios must be attri- 
buted to a high intensity of the biological factors on that island and to a high degree 
of geographical isolation. However, it does not appear to ns very probable that the 
narrow sea between Celebes and Borneo is a sufficiently effective barrier to prevent 
passive migration * of the widespread and common low-land Papilios of Borneo, 
such as P. ago memnon, sarpetlon , polytes , etc., from Borneo to Celebes; and the 
same could be said of ’New Guinea, New Britain, and other islands. In fact the 
absence of intergraduate specimens between two representative forms in localities 
which are geographically close together— the intergradations may occur in other 
localities — makes it manifest to us that, as the effect of the biological factors would 
iu these cases he annihilated, or at least much lessened, by specimens of the old 
stock coming into the country in consequence of the insufficiency of the geographical 
barrier, there must he another factor active to assist the external biological factors 
to such a degree that the migration of fresh individuals, if it does not take place 
very often, is not able to prevent divergent development. Now, recalling to mind 
the kind of variation in the scent-organs found to exist in a certain moth, as men- 
tioned on p. 435, it is evident that where such a variation takes place in the 
geographical forms of a species the difference in the organs of smell and scent must 
be of great influence as preventing (to a certain extent) intercrossing between racial 

* Passive migration by means of hurricanes seems to occur often among birds, as the records of foreign 
birds found in England prove ; in the ease of Lipidoptcra the power of resistance is certainly slighter, but 
the effeet of migration in respect to intercrossing with specimens of the same species in the new locality 
will often be annihilated in consequcnec of the new*eoiuers having too much suffered to be fit for 
propagation. 


( 517 ) 

exhibited by a certain form is dne to the form having come under the influence of 
the biological factors of the respective district at an earlier period than another 
form which shows a less high degree of divergency, unless the sensitiveness of the 
forms has been tested by experiment. And again, the higher or lesser degree of 
geographical isolation, though often corresponding to the greater or lesser diversity 
of the isolated forms, is a factor the actual influence of which it is in a given 
case scarcely possible to estimate rightly. The great diversity of the representative 
of Papilio peranthux on the island of Sumba compared with the lesser diversity 
between the representatives inhabiting Java, Sambawa, Timor, Kalao and Djampea, 
Celebes, etc. ; the high degree of specialisation of the representative of PnpiUo 
memnon on Timor compared with the lesser degree of divergency of the forms 
occurring on Sumba, Sambawa. Lombok, Java, etc.; the absence of a difference 
between some Lombok and Java forms of Papilio which on the other lesser Sunda 
Islands have developed divergently, compared with the presence of a difference in 
other Lombok forms; the great similarity between the specimens of Pupilio sarpe<hn 
found in the area extending from NAY . India to Lombok, the gradual transition to 
the more divergent Adonara form, and the obvious divergency in the pattern and 
shape of the wings and the sexual armature (of the S) of the forms inhabiting 
Sumba, Timor, and Wetter respectively, compared with the great diversity of so 
many forms in N. India, Sumatra, Java, Lombok, Sambawa, and Adonara ; the 
identity of the Malayan form of PapHio arhteub on the Philippines, Borneo, the 
lesser Snmla Islands, and the island of Djampea, compared with the great diversity 
exhibited in the same area by Papilio memnon and other species, and so on, are 
phenomena which seem to us most readily explainable by the surmise that the 
diverse species are sensitive in a different degree to the external biological factors; 
while the surprisingly great divergency of so many Celebeusian Papilios must be attri- 
buted to a high intensity of the biological factors on that island and to a high degree 
of geographical isolation. However, it does not appear to ns very probable that the 
narrow sea between Celebes and Borneo is a sufficiently effective barrier to prevent 
passive migration * of the widespread and common low-land Papilios of Borneo, 
such as P. ago memnon, sarpetlon , polytes , etc., from Borneo to Celebes; and the 
same could be said of ’New Guinea, New Britain, and other islands. In fact the 
absence of intergraduate specimens between two representative forms in localities 
which are geographically close together— the intergradations may occur in other 
localities — makes it manifest to us that, as the effect of the biological factors would 
iu these cases he annihilated, or at least much lessened, by specimens of the old 
stock coming into the country in consequence of the insufficiency of the geographical 
barrier, there must he another factor active to assist the external biological factors 
to such a degree that the migration of fresh individuals, if it does not take place 
very often, is not able to prevent divergent development. Now, recalling to mind 
the kind of variation in the scent-organs found to exist in a certain moth, as men- 
tioned on p. 435, it is evident that where such a variation takes place in the 
geographical forms of a species the difference in the organs of smell and scent must 
be of great influence as preventing (to a certain extent) intercrossing between racial 

* Passive migration by means of hurricanes seems to occur often among birds, as the records of foreign 
birds found in England prove ; in the ease of Lipidoptcra the power of resistance is certainly slighter, but 
the effeet of migration in respect to intercrossing with specimens of the same species in the new locality 
will often be annihilated in consequcnec of the new*eoiuers having too much suffered to be fit for 
propagation. 


( 51« ) 

forms, so that the distinguishing characters can accumulate in spite of the occasional 
immigration of specimens of the oM stock. As we shall have to deal with this kind 
of physiological selection, which in fact is a kind of sexual selection, in another place 
when treating upon the variation of glandular organs in Lejudoptera, we do not now 
enter npou a discussion of that factor. The variation of Lcpidoptera explained in 
the present paper points, however, to a further factor being active, the importance 
of which as a means of prevention of intercrossing has been recognised as far back 
as IMB. and we shall try now, on the ground of our researches, to estimate the 
influence of geographical polymorphism in the sexual organs upon t he divergent 
development of the Lcpidoptera. 

i \ Mechanical Selection. 

The genital armature of Lcpidoptera lias the function of a special prehensile 
apparatus during copulation. As such apparatus is found in all lcpidoptera, we can 
conclude that its function is of high importance for tin* act of copulation. When, 
however, a physiologically important organ is found to be of a different structure in 
every two species, it is likewise correct to conclude that the difference in the 
structure has some physiological significance. Hence we think that the inference 
to be drawn from the fact that the oopulatory organs are different in different species 
has to be that the specialisation in structure means a specialisation in the function 
as prehensile organ — />. that, as with the help of the apparatus the male has to take 
a hold on the female and the female on the male, the organs of the sexes of the 
same species are best adapted to each other. This inference implies that specimens 
of diverse species can less easily copulate than specimens of the same species, and 
that there might be eases in which copulation between different species would be 
impossible in consequence of the highly divergent specialisation of the organs of 
copulation. A similar view has been held by the earlier writers oil the subject, 
Sicbold * and Dufour, f the latter giving expression to his opinion in the well-known 
sentence that For mitre eopulatricc . . . est la (jar antic de la comer ration des types, 
la mvceyardc de la ley it i ante de Vespcce” 

The different development of the organs of copulation is here alleged to be 
a means of prevention of intercrossing between specifically different specimens, and 
the same has more recently been said by Escherich,{ II offer, 5 and others. Though 
we know from experience that Eseiierich's assertion that ail effective copulation 
between diverse species is never possible is erroneous, and that therefore Verhoeff 
is right in rejecting this part of EscherielTs theory, it remains nevertheless evident 
that under the premiss that the male and female of one species really arc adapted 
to each other in respect to the genital armature, specimens which are not adapted to 
each other cannot so easily unite in copulation, and that even when a union is 
effected the penis will sometimes he prevented from entering the vagina in con- 
sequence of the vaginal armature, to which the organs of that male are not adapted, 
being a mechanical barrier. Before, however, this conclusion can be accepted, 
it has to be ascertained whether the actual structure of the female and male genital 
armature is in accordance with the above premiss. 

(Josse r was quite right in expecting to (iud that u every peculiarity in the 


* Yergl. A nut. Berlin, l*lv § 35-1. note 2. 
f U/ih. Sr. Sat. (3). J. 1811. p. 253. 

X I t'rh. :. b. (rCS. ir?V*. 1*92. p. 231. 


<j> Mitth. Sat . Vt r. SteirnuarK 1*88, 
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• Trans. Linn. Sac. Land. (2). II. 1883. p. 279. 
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prehensile organs of the male would have a corresponding peculiarity in that part 
of the female body which they were formed to grasp,” bnt he failed to discover 
u the corresponding peculiarity in the female" ns he laboured under the erroneous 
assumption that “it is the exterior of the final segments of the female abdomen 
that are seized in coitn .” We have been able to show in the body of this paper 
that the male claspers seize in copulation the protruding vaginal hull), taking hold 
on chitinised folds and ridges, and not the terminal segments ; and we have further 
been able to demonstrate the following two important points : — 

(1) We have a pair of Papilio mem non united in coitn, from which we see 
clearly that the harpe of the male fits exactly the lateral ridge of the vaginal bulb 
of the female, while the high and broad processes at the mouth of the vagina, 
besides being a guide to the penis, take hold on the internal parts of the ninth 
segment of the male . When uniting artificially males and females of other species, 
we find that the organs of one sex fit those of the other of the same species, while 
the eopulatory organs of different species, for instance of a male of P. mar fawn and 
a female of 7\ podolirias, or of memnon and helenus, do not fit each other. We 
are therefore justified in concluding that the organs of the sexes of the same species 
are better adapted to each other than to the organs of other species. 

(*A) The vaginal armature is in every species of Papilio examined different 
from that of every other species examined. As our researches, only part of which 
have been laid down in this paper, relate to a great many species of various groups 
of Papilio and other Lepidoptero , we can safely say that the females of every species 
are, like the males, in the sexual armature distinguished from the females <>f every 
other species. A comparison of the figures on PI. XIX. will show that the 
divergency between the apparatus of representatives of diverse groups is in every 
respect so great, that it is readily conceivable that a male the apparatus of whieh 
is adapted to such organs as represented bv f. 1M cannot effectively copulate with 
a female the orgaus of which are so different as those represented by f. Itio, i71>, 
or 18*A 

The position of the vaginal orifice and the lateral fold of the vagi util bulb, 
the number, length, and position of the ridges and processes at the orifice of the 
vagina, and the development of the eighth segment of the female, as well as the 
special structure of the clasping organs of the male, are in diverse groups of Papilio 
so widely different that there ean be no doubt that the divergency in the organs of 
copulation has rightly been interpreted by iSiebold as a means of prevention of inter- 
crossing. It is obvious that the more the organs of different species resemble each 
other the less they will be able to prevent copulation, lu closely allied species, 
therefore, the effect of this mechanical barrier against intercrossing will generally 
1)6 less great than in the case of more diverse forms; but wo mnst recall to miud 
that even in the most closely related species, such as Papilio cache nor and depilis 
(f. 51 and 05), the organs of copulation, though built np after the same plan, can 
in the position and direction of the spines, hooks, and ridges of the harpe be so 
diflereut that the prehensile organs of the male come in contact during copulation 
with cpiite different points of the vaginal region of the female , and that it is accord- 
ingly also in such eases obvious that an intercrossing is not possible without violence. 
In groups of Lepidoptera in which the genital armature is very simple the effect 
as a mechanical barrier must necessarily be very slight ; this seems to ns to be one 
reason why specimens of diverse species of Saturnidae , for instance, copulate much 
easier than is the case with specifically different individuals in other groups. 
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Notwithstanding it is manifest that the difficulty to obtain hybrids is in many 
eases to be attributed to the diverse development of the eopulatorv organs, the 
question is of very little importance as long as we take into account only an inter- 
crossing between species and species. According to our definition, specifically 
distinct animals or plants cannot fuse together ; the appearance of hybrids has no 
influence on the evolution of the species which have produced them, though they 
may obscure the fact of the specific distinctness of the parents.* The barrier 
between species is the degree of diversity already attained, and as this barrier is 
absolute, the presence of auy other barrier must be indifferent. The question as to 
the evolutionistic influence of the peculiar development of the eopulatorv organs, 
therefore, does not relate to those forms which have already attained that degree of 
diversity which renders a fusion with other forms impossible, but to those lower 
degrees of diversity which are still able to fuse together under favourable circum- 
stances. Hence we have to inquire whether the variation of the eopulatorv organs 
within the limits of a species is such that the difference in the organs in question 
between varieties of the same species can be thought to he a barrier against the 
sexual intercourse between the varieties. 

The effect of the divergency of the eopulatorv organs in respect to prevention of 
intercrossing can very well be compared with that of geographical isolation, as the 
effect of both the morphological and the geographical factor depends on the extent 
of the mechanical harrier. The Atlantic Ocean is certainly an effective harrier 
between the Xearctic and Palaearctic ] legions, although even such a wide sea cannot 
absolutely prevent a migration from one region to the other; the Gauges Valley 
which separates the North Indian from the South Indian fauna, and the straits 
between the various islands of the In do- Australian Archipelago, are barriers which 
render the occurrence of an intercrossing between specimens born on the opposite 
sides of the barrier, though by uo means impossible, doubtless very rare ; in fact 
every barrier which isolates to any degree, however small the degree may be, a 
number of specimens A from other specimens B renders the intercourse of the two 
sets of individuals with one another less probable than the copulation of the 
specimens of each set inter sr, and hence is a barrier against intercrossing. If, 
therefore, the varieties of the same species exhibit in both sexes any diversity iu the 
the organs of copulation, we can rightly infer that this diversity will act like a 
geographical harrier, inflating the varieties from one another to a certain extent 
according as the anatomical diversity is great or slight. As our researches have 
proved that the premiss of this conclusion is correct as regards the Eastern Papilios, 
namely that there are varieties which differ in the geuital armature from other 
varieties of the same species in both sexes, it is manifest that the diversity in the 
genital armature of the Papilios has a great bearing upon the divergent development 
of the varieties. 

We have found that there is individual and geographical variation in the genital 
armature of the Eastern Papilios. As regards individual variation, it is obvious that 
specimens which have any marked peculiarity in the prehensile organs, additional 
hooks or ridges, in which they deviate from the normal, will be at a disadvantage in 

* As besides the mechanical barrier against intercrossing there is, in most species with highly 
developed organs of sense, a psychological barrier active, hybrids must in the state of nature be very rare 
in comparison with the number of specimens which are not hybrid'*. Specimens connecting two supposed 
distinct species have not rarely been treated as hybrids though the natural conclusion from the regular 
occurrence of such intergradations would be that the supposed distinel species form our, di-or polymorphic, 
species, provided that the reverse has not been prttrvtK 
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respect to propagation compared with the normal specimen* in which copulation is 
more facilitated ; monstrosities and sports in respect to the genital armature, in 
short every specimen with an anomalous development of the organs of copulation 
is less favoured than the rest of the individuals. Such abnormal individuals have, 
therefore, the same position in the struggle for propagation, as in the struggle lor 
existence those specimens have which are less adapted to the circumstances of life 
than their cospecific rivals. If it is right to conclude in the latter case that the 
struggle for existence leads in the long run to a survival of the lit (Homme*), we 
can apply the same inference to our special question and say that the specimens 
abnormal in the genital organs will in the struggle for propagation succumb, and 
that consequently the anomalies in the organs of copulation will become rarer 
and rarer, the individuals acquiring gradually by breeding in and in the same 
form of prehensile organs, comparatively few specimens deviating widely from 
the normal. It is apparent that the mechanical selection thus effected will 
end in a comparatively great constancy of the prehensile apparatus.* A number 
of the forms of Papilio dealt with in this* paper have attained a remarkably high 
degree of constancy in the genital armature, for instance several forms of P . sarpedon 
and P> aristeus, P . a heinous confusus . As the conclusion applies to every segregate 
form of Papilio , it is evident that, when a species develops divergently into 
geographical races, each race (or some of them) can, and will, acquire a special 
normal form of the genital armature, if the evolutionistic factors of the locality 
atfeet the organs of copulation. Many species have not yet attained that degree of 
divergent ramification. The geographical forms of Papilio a. eye us f natch non, some 
of the races of P. sarpedon , namely sarpedon. sarpedon and sarpedon seniijasciatus, 
the two eastern races of P. firisteus, P . aristeus aristeus and /\ aristeus parmatus, 
and others, we have found to be identical or almost so with one another in the 
genital armature. In the geographical forms of other species the specialisation in 
the prehensile organs is already visible, but not very conspicuous, as iu P. dotmthus 
cly menus and P. eloantkus dm nth us ; while in others again the degree of divergency 
in the organs of copulation of geographical races is so high that the normal of one 
form differs from the normal of the other so much that the one stands far outside 
the usual limits of variation of the other. Now, when it happens that forms so 
diverse in the genital armature inhabit neighbouring districts, as is the case with P. 
sarpedon tendon (8. India), P. sarpedon sarpedon (N. India to the Philippines and 
Java), and P . sarpedon milon (Celebes); P. aleinous confusus (China and Formosa) 
and P. aleinous loochooanns (Loo Choo Islands) ; l\ bathydes chiron (N. India to 
Burma) and P. bathydes bathydoides (Malacca), it is manifest that the occasional 
(passive or active) migration of specimens from one district to the other, which we 
must concede to occur, as otherwise the wide range of many species would not he 
explainable, can have no great retarding effect on the divergent development of the 
forms, since an effective copulation of the immigrants with the occupants of the 
district is improbable, and as further, if copulation should occasionally he effective, 
the characters of the descendants of the new-comers will soon get swamped a\va\ 
by mechanical selection. Tims it is conceivable that, when a certain degree of 
divergency is attained by geographical races, mechanical selection will greatly help 
to accelerate evolution, and that it is able to prevent retrograde development when 
the geographical barrier which formerly separated two forms has, in consequence of 

* Marked dimorphism in the organs of copulation to which the variation of the organs could also lead 
does not seem to occur ; see p. 
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geological revolutions, become so changed that the isolation is much more incomplete 
than it formerly was. And when the comparatively great diversity in the organs of 
copulation has become so constant that intcrgradatimm in these organs between two 
respective subspecies seldom occur in the area occupied hv these forms, though the 
subspecies may he connected with one another by intergraduate forms inhabiting 
other districts, it is possible that, when the districts of the two subspecies, it 
geographically close together, like the Bornean and Philippine Islands, become so 
extended that they overlap, the two diverse subspecies may live together without 
immediate and complete' fusion. 

Lt will have been noted that the effect attributed to mechanical selection i> two- 
fold. The variation of the genital armature caused by transmuting factors of any 
kind is so guided by mechanical selection that every incipient species will acquire a 
special armature of its own. As the variation of the organs of copulation is inde- 
pendent of that of the wing-pattern, mechanical selection does not directly affect the 
latter; but its indirect iutlueuce must be. of importance, when the special genital 
armature acquired by mechanical selection has become so specialised that it is, like 
local isolation, a means of prevention of intercrossing. 

In consequence of the demonstration of individual and geographical variation of 
the organs of copniatiou it becomes very probable that Eimer's * interesting sugges- 
tion is correct, that the variation of a species concerns also egg and sperm. If 
geographical and individual variation in these cells would be demonstrable as in 
the case of the ectodermal sexual organs, we should most probably find that the 
variation in the size and form of the sperm aud in the structure of the mieropyle 
apparatus f of the egg is independent of the characters of the wing and sexual 
armature, aud that accordingly similar conclusions could be drawn as in the ease of 
the organs of copulation. As diversity in spenu and egg would partly or totally pre- 
vent fecundation, infertility between certain individuals of the same race and between 
the specimens of diverse races would be the result of the variation, and hence t lie 
demonstration of the occurrence of such variation would give an actual base to 
Romanes's theory of physiological selection, ami thus .supply one explanation of that 
hitherto unsolved question how the general infertility between species has come about. 

‘•The real difficulty," says Darwin, } *• in our present subject is not, as it 
appears to me., why domestic varieties have not become mutually infertile when 
crossed, but why this has so generally occurred with natural varieties, as soon as 
they have been permanently moditied in a sufficient degree to take rank as a species. 
We are far from precisely knowing the cause ; nor is tins surprising, seeing how 
profoundly ignorant we are in regard to the normal and abnormal action of the 
reproductive system."* 

We observe that the cause of infertility adduced by us would not be physio- 
logical diversity, but mechanical impossibility of fertilisation. Mechanical selection 
acting in a similar way as in the ease of the organs of copulation in the direction of 
adapting within each race sperm to egg by excluding extreme varietal specimens from 
propagation, would raise a harrier between the diverse subspecies which would admit 
an independent development ending in speeitic distinctness of mutually infertile forms. 
Mechanical selection acts upon variation caused by other factors, and is, therefore, 
like meelmuieal geographical isolation, a preservative, not a productive factor. 

* Artb. hei Schnwtt. II. Is IK), p. 15. 

t Stamlfubs, Ilamlh.f. Sr mcttrrlingxMmmler 1 s< j*i. 
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LIST OF INSECTS MENTIONED IN THIS PAPER. 
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